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Sweet is the lore which Nature brings;
Our meddling intellect 
Misshapes the beauteous forms of things: -
We murder to dissect.
William Wordsworth, “The Tables Turned”, 1798
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General introduction
Chapter 1 
General introduction
In this first paragraph I will give a brief outline of the historical context that gave rise 
to the research described in this thesis. Three decades ago, it was Jon Kabat-Zinn who 
developed the mindfulness based stress reduction program (MBSR) inspired by the practice 
of mindfulness meditation. Since that time, thousands of people have completed this intensive 
eight-week training and since then much accumulating evidence has suggested that it helps a 
broad range of individuals to cope with their clinical and non-clinical problems (Grossmann, 
Niemann, Schmidt, & Walach, 2004). Originating from the MBSR program, the mindfulness 
based cognitive therapy (MBCT) has been developed later, aimed at helping recurrently 
depressed patients to prevent relapse (Teasdale, Segal, & Williams, 1995; Teasdale et al., 
2000). Next to the application of the practice of mindfulness meditation, there has been an 
exponential increase in the number of scientific studies on the practice of mindfulness 
meditation over the past fifteen years (Chiesa, Calati, & Serretti, 2011; Chiesa & Serretti, 
2009, 2010; Grossmann et al., 2004; Hofmann, Sawyer, Witt, & Oh, 2010). In most of these 
studies the interest was in the efficacy of the practice of mindfulness meditation in reducing 
both clinical and non-clinical problems. For instance, one line of research has been 
investigating whether the practice of mindfulness meditation helps in reducing the experience 
of stress. Only in recent years, the interest has started to encompass the effects of mindfulness 
meditation on cognitive, affective and (neuro)physiological functions and how these effects 
might contribute to the beneficial outcomes of the practice. Thus, still very little is known 
about the effects of the practice of mindfulness meditation on such basic functions as for 
example attention, perception and affect and how changes in these functions might mediate 
the positive outcomes of the practice. The aim of the research described in this thesis is to 
examine the behavioral, neurophysiological and psychometric effects of the practice of 
mindfulness meditation related to cognition, affect and personality. Considering the well- 
acknowledged view that mindfulness is a multi-facet phenomenon, our ambition was to 
realize a research project involving multiple related perspectives. In other words, we 
attempted to realize a scientific research program that might take advantage of data of 
different nature and from different methodologies, allowing for a comprehensive view on the 
relationship between the practice of mindfulness meditation and associated changes in 
cognition, affect and personality.
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The practice of mindfulness meditation has its origin in a classical Buddhist 
contemplative tradition, extending over thousands of years. Its eastern counterpart is called 
Vipassana meditation, which is considered one of the world’s most ancient meditation 
techniques (initiated by Gautama Buddha) and is common to both the Theravada and 
Mahayana traditions. In order to implement mindfulness meditation in the MBSR program, 
Kabat-Zinn abstracted the practice of mindfulness meditation from its explicit Buddhist 
philosophical context, yet, preserved a strong and essential foundation on the Dhamma 
teachings. In this way, a rather pure form of the practice of mindfulness meditation was 
incorporated in the training.
Teasdale and colleagues have been among several other authors to give a meticulous 
description of the practice of mindfulness meditation (Bishop et al., 2004; Kabat-Zinn, 1996; 
Ortner, Kilner, & Zelazo, 2007; Teasdale et al., 1995). They state: ”In formal mindfulness 
practice, the student sits quietly in an erect and dignified posture and attempts, non-strivingly, 
to maintain attention on a particular focus, commonly his or her own breathing. When the 
attention wanders from the breath to the thoughts and feelings that inevitably arise, the 
student ‘acknowledges and accepts’ the thoughts or feelings, ‘lets go’ of them, and gently re­
directs attention back to the breath. This procedure is repeated many times, whenever the 
student notices that the attention has wandered. In informal practice, students apply the same 
general approach as often as possible during the course of their normal day, bringing the 
attention back to the ‘here and now’, using a focus on the breath as an ‘anchor’, whenever 
they notice that attention has been diverted to streams of thought, worries, reverie, or general 
lack of awareness” (Teasdale et al., 1995, p.33).
Considering the description of the formal as well as informal practice of mindfulness 
meditation given above, one can imagine the practice to have a large impact on one’s mental 
state from moment to moment. For example, the clear intention to be aware of and to 
acknowledge and accept all thoughts and feelings as they arise in a non-judgmental way is in 
a sense revolutionary and can be hypothesized to reduce vulnerability to be lost in repetitive 
cycles of negative thoughts and worry. Accordingly, it can be expected that in the long term 
one’s personality is affected by the practice. For instance, the practice of mindfulness 
meditation, initiating voluntary exposure to a wide range of thoughts, emotions and 
experiences (Giluk, 2009), can be expected to be associated with increased levels in 
openness. It also has been argued that the practice of mindfulness meditation promotes 
behavioral flexibility and that it fosters a decentered perspective from which subjective
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experiences are viewed as transient events rather than as permanent aspects of the self (Ortner 
et al., 2007).
The canonical Buddhist Theravada text on the practice of mindfulness meditation and 
its related effects on the mind, named the Abhidhamma (Bodhi, 1993), has been one of our 
points of departure in formulating research hypotheses regarding the effects of mindfulness 
meditation. In the Abhidhamma the practice of mindfulness meditation is associated with five 
correlates that are assumed to be empirical and observable properties: malleability/flexibility, 
equanimity, recollectedness, to be on time, and strength/stability. According to the 
Abhidhamma, malleability stands for the ability to flexibly and intentionally direct attention 
from the one object to the other and seems related to the western psychological concepts of 
orienting and executive attention. Equanimity (non-hatred, non-greed) stands for the ability 
not to get attached to positive stimuli and not to develop the tendency to avoid negative 
stimuli. In other words, to behave from a meta-level instead of on automatic pilot. 
Recollectedness refers to a well operating memory; if  one is mindful during an event, one 
will remember it well, otherwise less so. To be on time stands for the ability to intentionally 
be aware of experiences in the present moment. Strength/stability refers to the capacity to 
concentrate over longer periods of time, i.e., sustained attention. It is interesting to note that 
according to the Abhidhamma a mindful state always comes with these associated observable 
properties. This canonical description therefore suggests that it is possible to look in a 
comprehensive and systematic way into the correlates/effects of the practice of mindfulness 
meditation.
In western psychology the operational definition of mindfulness given by Kabat-Zinn 
is generally considered to provide a succinct, striking description of ‘what mindfulness is’: 
“mindfulness is paying attention in a particular way: on purpose, in the present moment, and 
nonjudgmentally” (Kabat-Zinn, 1994, p. 4). Also the attempts by Bishop and colleagues and 
Shapiro and colleagues to conceptualize mindfulness in western psychological terms have 
proven very insightful regarding the formulation of hypotheses on possible effects of the 
practice of mindfulness meditation (Bishop et al., 2004; Shapiro, Carlson, Astin, & 
Freedman, 2006). In the seminal paper by Bishop et al. (2004), the psychological construct of 
mindfulness was conceptualized to consist of two components: the first component involves 
the self-regulation of attention so that it is maintained on immediate experience, thereby 
allowing for increased recognition of mental events in the present moment. The second 
component involves adopting a particular orientation toward one’s experiences in the present
11
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moment, an orientation that is characterized by intentional curiosity, openness, and 
acceptance.
Taken altogether, it seems that the practice of mindfulness meditation can be expected 
to lead to improvements in the self-regulation of attention. Considering the pivotal role that 
attentional processing plays in human cognition such an effect of mindfulness meditation 
could have a large impact on human behavior at large. A greater ability to self-regulate 
attentional processing may increase individuals’ autonomous behavior in the sense that one is 
more capable to act on the basis of top-down goals instead of being subject to be driven by 
bottom-up stimulation. Such improved self-regulation of attention might be very helpful for 
people that are predisposed to major depression, enabling them to redirect attention from the 
negative thoughts and emotions to (bodily) sensations in the present moment. However, it 
seems obvious that not only clinical people can be expected to benefit from such enhanced 
self-regulation of attention, as significant improvements in cognitive functioning can be 
expected in healthy individuals. According to the descriptions above, improvements in 
attention would be reflected in a greater ability to flexibly orient/shift attention and improved 
executive attention, but also in an improved ability to sustain attention. Next to improvements 
in attention, according to the descriptions and conceptualizations of mindfulness meditation 
given above, also changes in affect seem related to the practice of mindfulness meditation. 
For instance, on the basis of the Abhidhamma account of increased equanimity, the practice 
of mindfulness meditation can be hypothesized to result in reduced levels of reactivity to 
stimuli. In line with the enhanced self-regulation of attention, also this increase in equanimity 
seems beneficial in the sense that people can be expected to be better in dealing with stressful 
events and stimuli and to develop a reduced proneness to experience trauma. O f note, 
improvements in the self-regulation of attention and increases in equanimity seem to be 
strongly intertwined and dependent on each other. For example, if  one is not good at being 
non-reactive to a specific (emotional) stimulus, it will be difficult to direct attention away 
from that stimulus. Vice versa, if  one is not good at flexibly shifting attention it might be 
difficult not to become reactive to a stimulus, since the focus of attention will remain on the 
stimulus. In addition to the changes in attention and affect the practice of mindfulness 
meditation can be expected to be associated with changes in personality. This is due to the 
cultivation of a specific attitude; an attitude that is characterized by openness and acceptance, 
among others. The studies described in this thesis were aimed at investigating whether the 
practice of mindfulness meditation is indeed associated with improvements in attention and 
changes in affect and personality. In addition, where possible, an attempt was made to answer
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the question whether these changes can help in explaining the beneficial outcomes of the 
practice.
In our view, results in line with the hypotheses given above would be of considerable 
importance for several reasons. First of all, such results would suggest that cognitive, 
affective and physiological functions might be positively affected by a mental training such 
as mindfulness meditation. This seems a promising idea as it would point to the innate ability 
of human beings to train and transform themselves via the improvement of cognitive as well 
as affective functions; a transformation that helps in reducing both clinical and non-clinical 
problems and promotes well-being. Second, results in line with our hypotheses might help in 
explaining the beneficial outcomes of the practice of mindfulness meditation. For both 
clinical and non-clinical people it seems of great importance to understand how and which 
changes in cognitive, affective and physiological functions contribute to the beneficial 
outcomes. Such insights might even turn out to be vital for the development of specific 
therapies that can improve well-being and reduce human suffering in both clinical and non- 
clinical contexts.
The organization of the thesis follows the conceptualization of mindfulness by Bishop 
et al. (2004). The first part, consisting of chapters 2, 3, 4 and 5, shows our attempt to describe 
the relationship between the practice of mindfulness meditation and changes in attentional 
processing. The second part, consisting of chapters 6 and 7, addresses the relationship 
between mindfulness meditation and changes in affect. The third part, consisting of chapters
8 and 9, deals with the practice of mindfulness meditation and psychometric measurements of 
personality traits and mindfulness skills.
In part 1 four different studies on the relationship between the practice of mindfulness 
meditation and attentional processing are described. The aim of these studies was to examine 
whether the practice of mindfulness meditation is indeed associated with improvements in 
attention: at the level of specific components of attention, as well as at a more general, 
integrated level of attentional functioning. In the first study, described in chapter 2, the 
performance on the attention network test (ANT; Fan, McCandliss, Sommer, Raz, & Posner, 
2 0 0 2 ) of a group of highly experienced mindfulness meditators was compared to the 
performance of a group of matched controls. By means of the ANT differences between 
groups in the alerting, orienting and executive attention networks could be probed. Alerting is 
defined as achieving and maintaining an alert state; orienting refers to the selection of 
information from sensory input; and executive control is defined as resolving conflict among 
responses (Fan et al., 2002). In addition, the overall performance on the ANT of both groups
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was compared, investigating attentional processing at a more general, integrated level. The 
study described in chapter 3 was a longitudinal study in which changes in the alerting, 
orienting and executive attention networks of a retreat group and a matched control group 
were compared. A retreat is a period (8 -  11 days in this study) of secluded and intensive 
mindfulness meditation practice. The retreat group was tested just before and right after the 
retreat, whereas the control group was also tested twice and went on with their regular lives 
during the intermediate time period. Also in this study the overall performance on the ANT of 
both groups was compared. In the third study, described in chapter 4, the neurophysiological 
basis for differences in attentional processing between mindfulness meditators and control 
subjects was investigated. More specifically, modulations in alpha activity at parieto-occipital 
sites, which have been linked to the covert orienting of visual attention (Kelly, Lalor, Reilly,
& Foxe, 2006; Rihs, Michel, & Thut, 2007; Sauseng et al., 2005; Thut, Nietzel, Brandt, & 
Pascual-Leone, 2006), were compared between groups. In this way, neurophysiological 
differences in the orienting of visual attention as well as the allocation of visual attentional 
resources more in general could be probed. In addition, in order to see whether differences in 
attentional processing are associated with differences in forthcoming perception, event- 
related potential (ERP) measures of perceptual processing of targets were compared between 
groups. In the fourth study on the relationship between mindfulness meditation and changes 
in attentional processing, described in chapter 5, a group of recurrently depressed patients 
was investigated who were randomly assigned to either MBCT or to a waiting-list and 
changes in the alerting, orienting and executive attention networks were probed with the 
ANT. In addition, clinical data such as depression, rumination and mindfulness scores were 
obtained. The aim of this study was to investigate whether improvements in attention are seen 
after such a relatively short mindfulness based training in a sample of recurrently depressed 
patients and whether improvements in attention mediate the efficacy of MBCT.
In the second part of this thesis two studies are described in which the relationship 
between the practice of mindfulness meditation and affect was investigated. The goal of these 
studies was to examine whether the practice of mindfulness meditation is indeed associated 
with changes in affect. In chapter 6 the research is described that was aimed at investigating 
whether the practice of mindfulness meditation is associated with changes in the processing 
of emotional stimuli, i.e., emotional facial expressions. This was done by means of an 
affective go/no-go task involving happy, neutral and fearful faces. Differences in responding 
to emotional stimuli would suggest that the practice of mindfulness meditation is associated 
with changes in affect. The study described in chapter 7 investigated whether the practice of
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mindfulness meditation is also associated with differences in such a low-level process as 
intersensory facilitation. Therefore, intersensory facilitation effects in a group of highly 
experienced meditators were compared to intersensory facilitation effects in a group of 
matched controls. Intersensory facilitation stands for the reduction in reaction time to a 
stimulus presented in one modality when it is accompanied, close in time, by the presentation 
of a stimulus of another modality, which does not provide any information for the particular 
task (Keuss, van der Zee, & van den Bree, 1990; Kirchner & Colonius, 2005; Schmidt, 
Gielen, & van den Heuvel, 1984; Stoffels, Van der Molen, & Keuss, 1985). Intersensory 
facilitation effects were probed in kinematic and physiological parameters in a choice 
reaction time task involving head rotations to visual stimuli at the left and right hand side of 
the subject accompanied by auditory stimuli of different intensity. In addition to differences 
in reactivity in low-level, bottom-up processing, differences in attentional processing between 
groups were probed. More specifically, differences in the ability to divide attention among 
modalities were studied.
In the third part of this thesis two different studies are described that investigated 
psychometric effects of the practice of mindfulness meditation. In chapter 8 the research on 
the relationship between the practice of mindfulness meditation and personality is described. 
The aim of the study was to test 1) whether the practice of mindfulness meditation is related 
to changes in specific personality traits, and 2) whether mindfulness skills have a mediating 
role in the relationship between the practice of mindfulness mediation and changes in 
personality. By means of questionnaires, the amount of mindfulness meditation experience, 
mindfulness skills and personality traits were measured. In chapter 9 the research question 
whether mindfulness can best be viewed as a set of learnable skills is addressed. In the cross­
sectional part of this psychometric research different quantifications of the amount of 
mindfulness meditation experience were used and these were related to mindfulness skill 
scores. In addition, mindfulness skill scores were determined before and after a retreat and 
compared to the scores in a control group that was also tested twice.
To summarize, over the last three decades there has been an exponential increase in 
the application of the practice of mindfulness meditation in interventions for both clinical and 
non-clinical people. Research findings are accumulating that suggest that the practice of 
mindfulness meditation helps a broad range of individuals to cope with their clinical and non- 
clinical problems (Grossmann et al., 2004). Despite the recent surge in the research on the 
suitability and efficacy of the application of the practice of mindfulness meditation, little is 
known about its effects on cognitive, affective and physiological functions and how these
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effects might contribute to the beneficial outcomes of the practice. Recent as well as 
canonical conceptualizations of mindfulness meditation propose that improvements in 
attention and changes in affect might be associated with the practice. In addition, the practice 
also might be expected to be associated with specific changes in personality traits. The 
studies described in this thesis were aimed at investigating whether the practice of 
mindfulness meditation is indeed associated with improvements in attention and changes in 
affect and personality.
The results of the studies described in this thesis do indeed associate the practice of 
mindfulness meditation with improvements in attention and changes in affect and personality, 
which suggests that human beings do have the potential to train and transform themselves by 
a mental training such as mindfulness meditation. Still, more research is needed for several 
reasons. First of all, it would be interesting to probe the causal relationship between the 
practice of mindfulness meditation and the associated changes in cognition, affect and 
personality by means of more longitudinal research. Second, it would be insightful to test 
more mindfulness meditation naive subjects in order to better be able to generalize the 
research findings. Finally, it would be interesting to develop a scientific description of the 
mindful state, as opposed to the effects of the practice of mindfulness meditation that were 
specifically probed in this thesis. To conclude, the results of the studies described in this 
thesis are promising as they suggest that the practice of mindfulness meditation might indeed 
affect cognitive, affective and physiological functions in a way that helps to reduce both 
clinical and non-clinical problems and to increase well-being.
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Chapter 2 Greater efficiency in attentional processing
Chapter 2
Greater efficiency in attentional processing related to mindfulness meditation: a 
cross-sectional study
In this study, attentional processing in relation to mindfulness meditation was investigated. 
Since recent studies have suggested that mindfulness meditation may induce improvements in 
attentional processing, we have tested twenty expert mindfulness meditators in the attention 
network test. Their performance was compared to that of twenty age- and gender-matched 
controls. In addition to attentional network analyses, overall attentional processing was 
analyzed by means of efficiency scores (i.e., accuracy controlled for reaction time). Better 
orienting and executive attention (reflected by smaller differences in either reaction time or 
error score, respectively) were observed in the mindfulness meditation group. Furthermore, 
extensive mindfulness meditation appeared to be related to a reduction of the fraction of 
errors for responses with the same reaction time. These results provide new insights into 
differences in attentional processing related to mindfulness meditation, and suggest the 
possibility of increasing the efficiency in attentional processing by extensive mental training.
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Introduction
Recent studies have shown that attention and the quality of moment-to-moment awareness 
are flexible skills that can be trained and improved through mental training such as 
meditation (Chan & Woollacott, 2007; Jha, Krompinger, & Baime, 2007; Slagter et al., 2007; 
Tang et al., 2007). Over the last few decades, there has been a large increase in clinical 
applications and empirical research on mindfulness meditation based interventions, such as 
the Mindfulness Based Stress Reduction program (MBSR) and Mindfulness Based Cognitive 
Therapy (MBCT). The mindfulness meditation based practices have proven to be effective in 
reducing the clinical symptoms in a considerable number of psychological, psychosomatic 
and emotional disturbances (Atin, 1997; Baer, 2003; Giommi et al., 2006; Grossmann et al., 
2004; Kabat Zinn, 1990, 2003; Kabat Zinn et al., 1992; Kristeller & Hallett, 1999; Speca, 
Carlson, Goodey, & Angen, 2000; Teasdale et al., 2000). Despite the fact that a growing 
body of scientific literature about the clinical applications of mindfulness meditation seems to 
reveal promising results of its effectiveness (Kabat-Zinn, 1994, 2003), surprisingly few 
studies have addressed the cognitive, affective and neurophysiological effects of mindfulness 
meditation and very little is known about the mechanism(s) by which mindfulness meditation 
exerts its effect(s) (Bishop et al., 2004; Shapiro et al., 2006). Since mindfulness meditation 
has been described as “a particular way to pay attention” (Kabat-Zinn, 1990, 2003), a 
putative candidate mechanism for its effect(s) is a modification in attentional processing. 
More specifically, recent conceptualizations have suggested mindfulness meditation to 
improve the self-regulation of attention (Bishop et al., 2004; Shapiro et al., 2006).
William James defined attention as: “the taking possession of the mind in clear and 
vivid form of one out of what seem several simultaneous objects or trains of thought” (James, 
1890). For about a century thereafter, several theoretical models of attention have been put 
forward, one of which is that by Posner and Petersen (Posner & Petersen, 1990). Their 
tripartite model has been highly influential in modifying the view on attention, considering it 
as an organ system with its own anatomy and circuitry (Fan, McCandliss, Fossella, 
Flombaum, & Posner, 2005; Fan & Posner, 2004; Posner & Petersen, 1990) 1. In their model, 
attention has been conceptualized as comprising three separate functional components or 
attentional networks; the alerting, orienting and executive attention networks. The aim of the 
alerting network is to achieve and maintain a vigilant or alert state of preparedness; the 
orienting network regulates directing and limiting attention to a subset of possible inputs; and 
the executive attention network resolves conflict among multiple responses.
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In 2002, Fan and others (Fan et al., 2002) presented the attention network test to 
investigate the functioning of the three different attention networks proposed by Posner and 
Petersen. Because of the reliability of the scores obtained with the attention network test and 
its easy use in a wide variety of subjects and patients (Fan et al., 2002), the attention network 
test has since then been used in many studies on both normal and clinically impaired 
attentional processing (Hövels-Gürich et al., 2007; Leskin & White, 2007; Neuhaus et al., 
2007; Wang et al., 2005).
In a recent pioneering study, Jha et al. used the attention network test to examine 
changes in attentional processing induced by mindfulness meditation (Jha et al., 2007). They 
performed a longitudinal study with three groups: a retreat, mindfulness based stress 
reduction program and control group 2. During the baseline measurement, they found a 
significantly better executive attention network in the retreat group, both in reaction time 
(RT) and error score (ES) data, where ES was defined as the percentage of incorrect 
responses. No significant differences were observed on both the alerting and orienting 
networks.
Although the results obtained by Jha et al. (2007) were very promising, their study 
raised several questions. Firstly, recent research has revealed a positive interaction between 
the orienting and executive network (Callejas, Lupianez, Funes, & Tudela, 2005; Callejas, 
Lupianez, & Tudela, 2004). Therefore, it was somewhat surprising that Jha et al. did not 
report significant differences in the orienting network, while a significant effect was found in 
the executive network. In order to investigate this issue, we also used the attention network 
test and tested a group of more experienced meditators than the group that was tested in the 
study by Jha et al. (mean 14.5 years, range 0.33 -  35 years in our group vs. mean 5 years, 
range 0.33-30 years in the study by Jha and others). With this sample of more experienced 
meditators, we expected to increase the likelihood of finding differences within the orienting 
and executive network. Secondly, Jha et al. focused their analysis on attentional network 
scores, which is the standard approach when the attention network test is used. In our study, 
we were also interested in the analysis of grand mean RT and ES data, as these data are 
informative on overall differences in attentional processing between meditators and controls.
We hypothesized to find the following results for the group of experienced meditators 
as compared to controls: a) considering the orienting and executive attention, we predicted to 
observe better functioning for experienced meditators, reflected by smaller network scores on 
the orienting and executive attention components of the ANT. To further explain these 
hypotheses: we assumed that through mindfulness meditation -  by which the meditator is
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trained to get attached to the stimuli as little as possible -  a more receptive (“open field”) 
form of attention is acquired and, as a consequence, the orienting o f attention is improved, i.e. 
more flexible. In addition, since meditators have been trained in focusing attention, we 
hypothesized them to be better in focusing to the relevant information embedded in the target 
environment while ignoring the irrelevant, distracting information. This is thought to be 
reflected in a better executive attention. Since only few studies did address the alerting 
network, no hypothesis was formulated for this attention component. b) In addition to our 
interest in the functioning o f specific components o f attention, we were also interested in 
overall differences in attentional processing between meditators and control subjects. 
Therefore, in addition to the attention network analyses, groups were also compared 
regarding grand mean RT and ES data, hereby probing (efficiency in) attentional processing 
at a more general and integrated level. This analysis may reveal possible changes in strategy 
and, moreover, possible differences in overall attentional processing, which cannot just be 
explained by changes in strategy. In other words, an attempt is made to dissociate ‘just’ a 
speed-accuracy trade-off (strategy difference between groups) from a qualitative difference in 
overall attentional processing between groups. Since Chan and Woollacott (2005) already 
suggested that mindfulness meditation enhances one’s general performance on attentional 
tasks, we hypothesized that the meditators would show a better overall performance on this 
attention task.
Materials and Methods
Participants
Twenty mindfulness meditators (mean (SD) age 48.1 (9.0), range 31 -  60 years; 9 male), and 
twenty control subjects (mean (SD) age 48.1 (9.2), range 30 -  60 years; 9 male), who were 
matched to the mindfulness meditators on age and gender, participated in this study. The 
mean level o f mindfulness meditation experience was high, (mean (SD) period was 14.5
(11.1) years, ranging from 3 months to 35 years. Regular mindfulness meditation practice 
varied from 60 to 420 minutes each week. Mindfulness meditation is composed o f both 
concentration meditation (samatha) and insight (vipasyana) meditation. Whereas during 
samatha meditation the practitioner is trained to maintain focus on an object for a 
theoretically unlimited period of time, during vipasyana meditation a typical kind o f meta­
awareness is trained.
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None o f the subjects had any known psychological or neurological deficits. They all 
had normal or corrected to normal vision. A signed informed consent form was obtained from 
each participant before the experiment. The study has been conducted according to the 
principles expressed in the Declaration o f Helsinki.
Attention Networks Test
Subjects were seated in front o f a 19 inch computer screen at a distance o f 65 cm. Stimuli 
were presented and responses were collected with Presentation software (version 10.1 
Neurobehavioral Systems, Albany, USA). Subjects were instructed to respond as fast and as 
accurately as possible to a target stimulus that was presented in the center o f a horizontal row 
with five stimuli (see Figure 1C). The target stimulus was an arrow pointing either to the left 
or to the right and was flanked by two flanker stimuli on each side. Subjects were instructed 
to press the left mouse button with their left thumb or the right mouse button with their right 
thumb as fast as possible when the target arrow pointed to the left or right, respectively. The 
four surrounding flanker stimuli were all arrows pointing in the same or the opposite 
direction o f the target stimulus or were just neutral stripes. The condition in which all five 
arrows pointed in the same direction was called the congruent target condition. The condition 
in which the flanker arrows pointed in the direction opposite to the target arrow was named 
the incongruent target condition. The condition when the four flanker stimuli were stripes 
was called the neutral target condition. The target stimulus and the flanker stimuli were 
presented at a visual angle o f 1.1 ° above or below a fixation cross presented in the middle of 
the screen.
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Figure 1. Attentional network test paradigm. (A) During a variable interval (VI: 400-1600 ms) a central fixation 
cross is presented, and the participant is instructed to look at it. Then a cue can be presented for 100 ms. (B) The 
four cue conditions are shown: no cue, central cue, double cue, and spatial cue. After presentation of the cue, a 
central fixation cross is shown for 400 ms, followed by the target stimulus. (C) The three different target 
configurations are shown: the neutral, congruent, and incongruent target configurations. The target is visible 
until the participant responds with a maximum of 1700 ms. If reaction time (RT) is shorter than 1700 ms, the 
stimulus is replaced by the central fixation cross.
The target stimulus could be cued in four different ways. In the first cueing condition, 
an asterisk was presented at the location o f the fixation cross (= center cue condition) and the 
target configuration was presented above or below the center o f the screen, with equal 
probability. In the second cueing condition, two asterisks were presented (= double cue 
condition); the two asterisks were presented at the fixed locations o f 1.1 ° o f visual angle 
above and below the center o f the screen. Since the cue appeared 500 ms before target onset
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(see Figure 1A), the cue provided information on the timing o f the target stimulus. In the 
third cueing condition, an asterisk was presented at the future location o f the target stimulus 
above or below the center o f the screen (= spatial cue condition). In this case, subjects were 
informed both on the timing and the location o f the target configuration. In the fourth cueing 
condition, no cue was given and, as a consequence, participants had no information on the 
timing or on the location o f the upcoming target symbol.
The attention network test consisted o f one training block with 24 trials and three test 
blocks with 94 trials each. After the first and second block, participants took a break o f a few  
minutes, before starting the next block o f the attention network test. A single trial consisted 
of the following: during a variable interval (VI, see Figure 1A), ranging from 400- 1600 ms, a 
fixation cross was presented in the middle o f the screen. Then, depending on the cue 
condition, a cue could be presented for 100 ms. Thereafter, a central fixation cross was 
presented for 400 ms, followed by the target stimulus, which was presented for 1700 ms, or 
shorter if  a response was given within 1700 ms. Finally, a fixation cross was presented during 
a variable delay. The length o f this delay was determined by subtracting the RT plus 400 ms 
from the constant trial duration that was 3500 ms (see Figure 1A). All 12 combinations of 
cueing (4) and target (3) conditions were presented in random order within each block. Both 
RT and ES were measured.
Attention Networks Calculations an d  Analyses
For each subject, all reaction times (RT) o f a specific condition, outside the range o f the mean 
RT ± 4SD of that specific condition, and RTs shorter than 100 ms were excluded from 
analysis. Then, the average RT for each o f the 12 conditions (4 cue conditions x 3 target 
conditions) was recalculated. Determination o f the network effects was based on these RT 
data. Error scores (ES; percentage o f incorrect responses) o f the 12 conditions were 
calculated by dividing the number o f incorrect responses by the total number o f responses for 
the specific condition and multiplying this number by 100.
To calculate the alerting network effect mean RT and ES o f the double cue condition 
were subtracted from the mean RT and ES o f the no cue condition. In such a way, the 
potentially beneficial effect o f an alerting cue on RT and ES was probed. The orienting 
network effect was calculated by subtraction o f the mean RT and ES o f the responses in the 
spatial cue condition from the mean RT and ES o f the responses in the center cue condition. 
This allowed us to probe the beneficial effect o f spatial information, in addition to timing 
information. The executive network effect was calculated by subtracting the mean RT and ES
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in the congruent target condition from the mean RT and ES in the incongruent target 
condition. In this way, the advantage o f congruence over incongruence in the target condition 
was determined. Mean RT and ES o f the three target conditions were averaged to calculate 
the orienting and alerting network effects, whereas mean RT and ES o f the 4 cueing 
conditions were averaged to calculate the executive network effect. Normalized network 
effects were determined by dividing the raw network effect by the mean o f the two conditions 
involved in the calculation o f the network effect. (Raw effect: R = R T a -  R T b ; Normalized 
effect: N  = R/(( R T a + R T b ) /2) with RTx representing mean RT for condition x) 3.
In all tests, we verified the normal distribution o f data. When a normal distribution 
was violated, we have used non-parametric tests. The specific test will be described in each 
case. In all other cases we have used paired t- tests to investigate whether meditators differed 
from their matched controls. In those cases, where the hypothesis was very specific, as to the 
differences o f responses o f both groups for the orienting and executive network scores, a one­
tailed paired t-test was used.
G eneral B ehavioral Analyses
In order to analyze differences between meditators and their matched controls on overall RT 
and ES data, two paired tests were run. Grand mean RT/ES data o f each subject were used in 
these tests.
Results
Attention Networks analyses
A one- tailed paired t-test on normalized RT network data revealed no significant difference 
between meditators and controls in the executive network, t(19) = -0.779, p = 0.22. However, 
a significant difference in the orienting network t(19) = -1.746, p < 0.05 (see Figure 2) was 
observed.
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orienting executive alerting
Network
Figure 2. Mean normalized reaction time (RT) difference scores for all three networks. A significant difference 
between the results of the meditators and controls exists in the orienting network (p < .05). No significant 
difference was found for the executive and alerting networks. Error bars indicate 95% confidence intervals.
A one- tailed paired t-test on ES network data showed no significant difference in the 
orienting network t(19) = 1.185, p = 0.13, whereas a trend towards significance was observed 
in the executive network t(19) = -1.560, p = 0.07 (see Figure 3). This trend could be 
explained by the fact that meditators make significantly fewer errors in the incongruent target 
condition Z(80) = -2.403, p < 0.05 (see Figure 4) (non-parametric Wilcoxon Signed Ranks 
Test was used to compare ES of each cue condition of each meditator in the incongruent 
target condition with the corresponding ES of a matched control; this yields a distribution of 
80 (4 cue x 20 subjects) paired data points). No significant differences were observed in both 
the congruent Z (80) = -1.004, p = 0.32 and neutral target condition Z(80) = -1.060, p = 0.29 
(analyses performed here are similar to the incongruent condition analysis). Presumably, we 
are dealing with floor effects in these two target conditions, as ES approach zeropercent (see 
Figure 4).
29
Part 1 Mindfulness meditation and changes in attentional processing
Figure 3. Mean error score (ES; %) for all three networks. A trend towards a significant difference between the 
results of the meditators and controls is observed in the executive attention network. No significant difference 
was found for the orienting and alerting networks. Error bars indicate 95% confidence intervals.
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Figure 4. Mean error score (ES; %) for meditators (dashed line) and controls (solid line) in all 12 (4 cue x 3 
target) conditions. Meditators make fewer errors than controls. This effect is most obvious in the incongruent 
condition. Error bars indicate 95% confidence intervals.
In conclusion, meditators showed a significantly smaller orienting network effect on RT data 
than controls. And a trend towards significance in the same direction on ES data in the 
executive network was observed.
G eneral behavioral analyses
A trend towards a significant difference between groups on grand mean RT data was 
observed, t(19) = -2.008, p = 0.06. Mindfulness meditators generally tended to respond 
slower (see Figure 5).
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Figure 5. Mean reaction time (RT; ms) for meditators (dashed line) and controls (solid line) in all 12 (4 cue x 3 
target) conditions. Meditators have longer RTs than controls. Error bars indicate 95% confidence intervals.
Also a trend towards a significant difference between groups on grand mean ES data was 
observed, t(19) = -1.824, p = 0.08. Mindfulness meditators generally tended to respond more 
accurately (see Figure 4).
At first, one is tempted to explain these behavioral differences by referring to the 
well-known trade-off function between speed and accuracy in behavioral experiments 
(Posner, 1978). In this case, meditators would simply have put more emphasis on accuracy 
(i.e. smaller ES), accepting longer RTs, and would therefore show a speed-accuracy 
distribution that could be obtained by extrapolation from the distribution of controls. Instead, 
a different, vertically  shifted speed-accuracy distribution would imply a difference in the 
efficiency/functioning o f overall attentional processing (see Figure 6).
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Figure 6. Two hypothetical data distributions: (A) Meditators opted for a different strategy: longer reaction time 
(RT) and lower error score (ES). Distribution of meditators can be obtained by extrapolation of data of controls. 
(B) Meditators differ in efficiency of attentional processing: they show a vertically shifted distribution, i.e., with 
identical RT meditators have lower ES. In this case, meditators would have a different distribution, which 
cannot be obtained by extrapolation.
O verall attentional processin g  efficiency 
RT-bin analysis
In order to investigate which of these two explanations fits our data, we divided the whole RT 
time range o f both meditators and controls in small time windows. Within each time window, 
the responses o f both groups can be regarded as ‘equally’ fast. For all windows, the total 
number of correct and incorrect responses and also the total number of responses of each of 
the two groups was calculated. Then, the percentage o f incorrect responses for each group 
was determined within each time window. This yields one data point (percentage o f incorrect 
responses) for each group for each time bin. These data points o f all time bins o f each group 
yield a distribution o f error percentage scores for that specific group.
This analysis was repeated with time windows of 20, 40 and 60 ms, respectively, in 
order to check the robustness o f the result. Only time windows in which, at the group level,
33
more than 30 responses were given, were included. Then, the error percentage distribution o f  
the meditators was compared to the error percentage distribution o f the controls (see Figure 
7). Irrespective o f the size o f the time windows, a Wilcoxon Signed Rank test revealed a 
significantly different speed-accuracy distribution o f meditators as compared to controls 
Z(10) = -2.090, p < 0.05; Z(13) = -2.510, p < 0.05; Z(23) = -2.728, p < 0.01 (for 60 ms, 40 
ms and 20 ms time windows respectively), showing fewer errors in the group o f meditators 
for equally fast responses. For all three time windows, the distribution o f error percentages 
included at least 94.6 % o f all data for both the control group and the group o f meditators. 
This means that these results are based on a large amount o f overlapping RT data (see Figure 
8 for RT distributions o f both groups). Thus, considering the fact that meditators appear more 
accurate with equal RT, this result suggests a higher efficiency in attentional processing in 
mindfulness meditators.
Part 1 Mindfulness meditation and changes in attentional processing
Figure 7. Mean error score (ES; %) for meditators (dashed bars) and controls (white bars) for reaction times 
(RTs) within a window of 40 ms in the range between 380 and 900 ms. Meditators make significantly fewer 
errors than controls for responses with the same RT.
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Figure 8. Distribution of reaction times (RTs) for meditators (black) and controls (white). Notice the large 
overlap of the distributions. In general, meditators tend to have slightly longer RTs than controls.
Logistic regression analysis
Another way o f looking at both RT and ES and a possible different speed-accuracy 
distribution between groups is the following. One could see RT as a predictor o f the 
probability to give a correct response, where the probability o f a correct response increases 
with longer RT (a view inspired by the well-known speed-accuracy tradeoff). Next, group 
membership could also be important for the probability o f a correct response. Now, if  only 
RT would appear to be a predictor o f the probability o f a correct response, only a difference 
between the two groups in the performance strategy could explain our general behavioral 
results. However, if, on top o f the predictive value o f RT, group membership would also 
appear predictive on the probability o f a correct response, intrinsic differences between 
groups in attentional processing must be present.
In order to distinguish between these two possible explanations for the observed differences 
between meditators and controls in RT and ES, we used a hierarchical logistic regression
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analysis. The type o f response (correct vs. incorrect) was designated as the dependent 
variable and RT and group membership (meditator vs. control) were entered as predictors 
(RT in block 1 and Group in block 2). Interestingly, group membership appeared a significant 
predictor in addition to RT: PRT = -.009, p < .001, Exp(B) = .991; Pgroup = .284, p < .01, 
Exp(B) = 1.329. This result points to an intrinsic difference between meditators and controls 
in attentional processing. Therefore, results cannot be explained by ‘just’ referring to a 
difference in performance strategy between the two groups, but rather reflect a more efficient 
use o f resources by the meditators, since meditators perform more accurately when identical 
RTs are considered.
Discussion
Attention Networks analysis
In this study experienced mindfulness meditators showed a better orienting o f attention than 
their matched controls, as reflected by lower scores on the orienting network. This decrease 
was present in RT data, but not in ES data (see Figures 2 and 3). Our interpretation o f this 
smaller orienting network effect as reflecting a more flexible orienting o f attention is based 
on the remark made by Fan and Posner: “For the orienting condition we generally assume 
that larger orienting times arise because o f a difficulty in disengaging from the center cue, 
where no target appears” (Fan & Posner, 2004). Thus, it seems that meditators already 
perform closer to their optimum in the center cue condition, since additional spatial 
information does not seem to reduce their RT to the same extent as in controls. However, one 
cannot completely rule out the possibility that meditators just cannot benefit as much as 
controls from additional spatial information, which should then be due to some orienting 
attention impairment(s). In our view, the presence o f such a large number o f subjects having 
orienting attention impairments in the meditator group, to produce such a systematic shift 
from the control group, would be quite unlikely.
It seems more plausible that mindfulness meditators, in general, show a more flexible 
orienting network. This is because an important instruction during the practice o f mindfulness 
meditation is to continue to successively detach- attach- detach attention to all objects passing 
by in the receptive fields, thereby presumably improving the flexibility o f the orienting of 
attention. Jha et al. recently noted that ‘the practice o f repeatedly engaging, disengaging and
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moving, instantiates the orienting or “shift” operation o f attention’ (Jha et al., 2007; Posner & 
Badgaiyan, 1998; Posner & Gilbert, 1999), i.e., a statement that supports our interpretation.
Besides the better orienting o f attention, also a trend towards a significantly better 
executive attention was shown in our study, as meditators showed smaller executive network 
ES. No difference in executive attention was found considering RT data. The trend in the 
executive network can be explained by the fact that controls make significantly more errors in 
the incongruent condition (see Figure 4). Notably, the incongruent target condition appears to 
be the only target condition in which the results o f the two groups are significantly different 
from each other considering ES; we are likely dealing with floor effects in the other two 
target conditions, as ES approach zero percent (see Figure 4) in both groups. Similar floor 
effects have also been obtained by Fan et al. (2002).
It is o f interest that we found a better orienting and a better executive attention as this 
had not been found in the study by Jha et al. (2007) (who found no difference in the orienting 
of attention). This difference might be explained by the fact that in the present study more 
experienced meditators were tested and that there was a better match between meditators and 
control subjects.
Over the past years, several studies have related the functioning o f the executive 
network to the functioning o f the orienting network (Callejas et al., 2005; Callejas et al., 
2004; Funes & Lupianez, 2003). The orienting network appears to exert a positive influence 
on the executive attention network, as the flanker effect is reduced in spatially cued trials in 
comparison to uncued trials (Callejas et al., 2005; Callejas et al., 2004). Considering this 
positive interaction, the better executive attention in the meditators can partially be explained 
by the better functioning o f their orienting network. In addition, meditators also might profit 
from an increased ability to focus attention to the relevant information embedded in the target 
condition, while ignoring or detaching faster from the irrelevant information signaled by the 
target configuration.
Better executive attention in meditators has also been reported by Jha et al. (2007) and 
Chan & Woollacott (2007). Chan & Woollacott explained the effect o f meditation on 
attention by referring to the possibility o f an increased ability to focus attention and an 
improved inhibition o f automatic responses (for example, inhibiting the shift o f attention to 
distracting externally generated stimuli or internally generated thoughts) in favor o f the 
desired response (remaining focused on the desired object or task). This explanation seems 
similar to our interpretation given above.
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As there is a large body o f literature showing that (impaired) executive attention is the 
key element for self-regulation o f cognition and emotion (Fernandez-Duque, Baird, & 
Posner, 2000; Posner & Rothbart, 1998; Tang et al., 2007), it would be interesting for future 
studies to explore possible changes in orienting and executive attention, induced by 
mindfulness meditation, in clinical populations. As attentional biases in information 
processing have been demonstrated to be important in patients with anxiety and depression 
(Williams, Watts, MacLeod, & Mathews, 1997), the effectiveness o f mindfulness meditation 
based practices might be mediated by improvements in attentional processing, especially in 
executive attention.
O verall analysis o f  attentional processin g
If we consider the grand mean RT and ES data, the attention network test allows a distinction 
between the performance o f meditators and controls at a more general and integrated level of 
attentional processing, as meditators appeared to have systematically longer RT and, at the 
same time, showed a systematic increase in accuracy (decrease in ES) as compared to 
controls (see Figures 4 and 5). These systematic shifts across almost all conditions cannot be 
explained, in our view, by specific changes limited either to the alerting, orienting or 
executive component o f attention. They can better be explained as the result o f a more 
general and persistent change in attentional processing, that requires an integrated analysis.
At first sight, one could interpret the differences in RT and ES as a good example of 
the well known speed-accuracy trade-off effect (Posner, 1978). In that case, the differences 
could be explained by the fact that meditators take more time to respond and consequently 
become more accurate. This result by itself would already be o f interest, showing 
mindfulness meditation to be related to a systematic change in the performance strategy for 
such a low-level task.
Alternatively, the differences could actually reflect a greater ‘efficiency’ in attentional 
processing in the mindfulness meditation group. We would like to refer to the term 
‘efficiency’ when we take into consideration the overall performance on this attention task, 
i.e. to consider both RT and ES at the same time. In our view, these two performance 
dimensions together are very informative on the efficiency in the use o f mental resources, as 
the efficiency in functioning o f a mental operation is reflected by scores on both these 
dimensions.
Without any additional analyses, no inference could be made to distinguish the 
performance o f meditators from that o f controls, considering the efficiency o f attentional
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processing. To introduce a measure o f efficiency in which both RT and ES are considered, 
we opted for the strategy to analyze ES for responses with the same RT (see RT-bin analysis 
and logistic regression analysis in the Results section for details).
Both the RT-bin analysis and logistic regression analysis showed meditators to be 
more accurate when identical RTs are considered. This gripping result, in our view, reflects a 
general increase in efficiency in attentional processing in meditators (see Figure 7). As such, 
it provides evidence for the suggestion by Chan and Woollacott (2007) that mindfulness 
meditation enhances one’s general performance on attentional tasks.
Conclusions
We have found that a) meditators show a significantly better orienting o f attention and a trend 
towards a significantly better executive attention and that b) meditators show a significantly 
higher degree o f attentional processing efficiency than controls. The present study can be 
considered as an answer to Posner’s observation that ‘training o f  attention either explicitly or 
im plicitly is som etim es a  p a r t o f  the school curriculum, but additional studies are needed  to 
determ ine exactly how an d  when attention training can best be accom plished an d  its long- 
lasting im portance’ (Posner & Rothbart, 2007) . Despite o f our study being cross-sectional, 
our results seem to point to the possibility to train our attentional system through an extensive 
mental training, known as mindfulness meditation, in order to obtain a systematic and 
sustained betterment in attentional processing as compared to normal functioning.
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Footnotes
1 An organ system is defined as differentiated structures made up o f various cells and tissues 
and adapted for the performance o f some specific function and grouped with other structures 
into a system (Posner & Petersen, 1990).
2 A retreat is a period o f secluded, continuous and intensive group practice o f meditation, 
varying from 1 week to 1 month or even more (the retreat in the Jha et al. (2007) study lasted
1 month). Mindfulness based stress reduction is an 8 week program with weekly group 
sessions o f 3 hours and daily homework.
3 Normalized network data were calculated by dividing the absolute network effect by the 
mean RT of the two conditions used to calculate the network effect. See Wang et al. (2005) 
for similar analyses o f RT network scores.
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Chapter 3 
Improvements in attention related to the intensive practice of mindfulness 
meditation: a longitudinal study (retreat)
In this longitudinal study, we investigated whether the intensive practice o f mindfulness 
meditation (MM) is related to improved attentional processing. A group o f mindfulness 
meditators was tested on the attention network test (ANT) before and after a period of 
intensive MM practice (8-11 days MM retreats) and their performance was compared to a 
matched control group. After the retreat, a more flexible orienting o f attention was seen in the 
highly experienced meditators. In addition, at baseline, for equally fast responses, highly 
experienced meditators showed a higher probability for a correct response, which reflects an 
improved overall (attentional) processing. These results seem to provide preliminary 
evidence to suggest that MM improves attentional processing, at the level o f specific 
components, as well as at a more general, integrated level.
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Introduction
In recent years, an improved functioning o f specific, basal components o f attention has been 
shown in long-term mindfulness meditation (MM) practitioners1 (Chan & Woollacott, 2007; 
Jha et al., 2007; Moore & Malinowski, 2009; Slagter et al., 2007; Van den Hurk, Giommi, 
Gielen, Speckens, & Barendregt, 2010a). One o f the most consistent findings has been 
improved executive attention, yet, also an improved, more flexible orienting o f attention has 
been reported (Jha et al., 2007; Van den Hurk et al., 2010a). For example, in the cross­
sectional study with expert mindfulness meditators by Van den Hurk et al. (2010a), the more 
flexible orienting o f attention was reflected by an improved orienting network score on the 
attentional network test (ANT) (Fan et al., 2002). Contrary to these findings with long-term, 
expert meditators, other studies investigating the effect o f short-term mindfulness trainings - 
like mindfulness-based stress reduction (MBSR) - showed no improvements in specific, basal 
components o f attentional processing (Anderson, Lau, Segal, & Bishop, 2007; Chambers, Lo, 
& Allen, 2008; Giommi et al., 2006; Van den Hurk et al., 2011b). Therefore, it was suggested 
that only long-term MM trainings can induce stable changes in these components of 
attentional processing (Van den Hurk et al., 2011b). Interestingly, in the cross-sectional study 
with expert meditators by Van den Hurk et al. (2010a), next to the improvements in orienting 
and executive attention, also improved performance at a more general, integrated level of 
attentional processing was found. Irrespective o f the different ANT conditions, for equally 
fast responses, the probability o f giving a correct response was higher in the group of 
meditators than in the group o f matched controls. This result was interpreted as evidence for a 
greater efficiency in more general, integrated attentional processing in the MM group.
Because o f the cross-sectional design o f the study by Van den Hurk and others 
(2010a), the possibility that pre-existing group differences - rather than the MM practice per 
se - are responsible for the observed improvements in attentional processing, could not be 
ruled out. Therefore, the main goal o f the present longitudinal study was to investigate 
whether these improvements in attention are directly related to the intensive practice o f MM. 
In addition, our interest was in whether the amount o f previous experience with MM plays a 
role in the effectiveness o f a short-term MM training to ameliorate attentional processing. In 
other words, we hypothesized that attentional processing might be differently affected in 
high- versus low-experienced meditators during a short-term MM training. For this reason the 
retreat group was divided in a low and high experience group according to the median.
In order to get a comprehensive view on attentional processing, a group of 
mindfulness meditators were tested on the ANT just before and after a MM retreat (i.e., a
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period o f secluded and intensive MM practice) and their performance was compared to a 
matched control group. Differential increases in attentional performance over the course of 
the retreat would suggest that the practice o f MM can positively affect attentional processing. 
We predicted that at baseline, in line with the findings by van den Hurk and others (Van den 
Hurk et al., 2010a; Van den Hurk et al., 2011b), only the highly experienced meditators 
would reveal better orienting and executive attention, as well as greater efficiency in more 
general, integrated attentional processing than their matched controls. In addition, since short­
term MM trainings have been shown not to improve attentional processing in meditation­
naive subjects (Anderson et al., 2007; Chambers et al., 2008), we expected improvements in 
attention only in the high experience group.
Method
Participants
The MM group consisted o f mindfulness meditators who attended one o f three MM 
(Vipassana) retreats that were held over the last three years in the Netherlands. Controls were 
recruited by finding subjects that matched the meditators on age, gender and ethnicity. More 
specifically, for each meditator a specific control subject, with the same gender and ethnicity 
and a comparable age (± 2 years), was selected. In this way, subject-pairs were formed and 
two related - instead o f two independent - samples were obtained. Both groups consisted of 
24 participants with a mean (SD) age o f 44.9 (11.0), range 28 -  62 years (7 male) in the 
retreat group and a mean (SD) age o f 44.8 (10.9), range 28 -  63 years (7 male) in the control 
group. All subjects were Caucasian. All but one participant in the retreat group had previous 
meditation experience, which ranged from several months to 27 years. Because it was 
suggested that the amount o f MM practice is important with regard to stable changes in 
attentional processing (Van den Hurk, et al., 2011b), the retreat group was divided in a low  
and high experience group according to the median. The group with a low level o f meditation 
experience had a mean (SD) experience o f 1.32 (1.28) years and the group with a high level 
of meditation experience had a mean (SD) experience o f 10.8 (7.0) years. Noteworthy, the 
low and high experience groups did not differ regarding the average age at which the MM 
practice was started: mean (SD) age o f 37.2 (9.8) years in the low experience group and 40.1
(10.2) years in the high experience group, which suggests that no differences in factors that 
determine the onset time o f the MM practice were present. In order to keep the matched 
subject-pairs design intact, controls were also assigned to two groups according to their
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matched meditator. None o f the participants had any known psychological or neurological 
deficits. They all had normal or corrected-to-normal vision. A signed informed consent form 
was obtained from each participant before the experiment. The study was conducted 
according to the principles expressed in the Declaration o f Helsinki.
Procedure
For the retreat group, assessments o f the attention network test (ANT) took place at the day 
when the retreat began, just before the start, and at the day when the retreat finished. A retreat 
is a period o f secluded, continuous, and intensive group practice o f meditation. In this study, 
the retreats had a duration varying from 8 -  11 days. Meditation instructions were similar 
across retreats and all retreats were in the form according to the Vipassana (i.e., Insight, 
mindfulness) tradition. As such, mindfulness meditation was practiced, which is composed of 
both concentration meditation (samatha) and insight (Vipassana) meditation. Whereas during 
samatha meditation the practitioner is trained to maintain focus on an object for a 
(theoretically) unlimited period o f time, during Vipassana meditation a typical kind o f meta­
awareness is trained (Teasdale, Segal, & Williams, 1995). Retreats were held in meditation 
centers in the Netherlands and were led by teachers with long-term MM experience and 
extensive experience with teaching MM. The control group was also tested twice on the ANT 
with 8 -  11 days in between. During this time the control participants went on with their 
regular lives.
Attention N etw ork Test
Subjects were seated in front o f a computer screen at a distance o f 65 cm. Stimuli were 
presented and responses were collected with Presentation software (version 10.1 
Neurobehavioral Systems, Albany, USA). Subjects were instructed to respond as fast and as 
accurately as possible to a target stimulus that was presented in the center o f a horizontal row 
with five stimuli (Figure 1C). The target stimulus was an arrow pointing either to the left or 
to the right and was flanked by two flanker stimuli on each side. Subjects were instructed to 
press the left mouse button with their left thumb or the right mouse button with their right 
thumb as fast as possible when the target arrow pointed to the left or right, respectively. The 
four surrounding flanker stimuli were all arrows pointing in the same or the opposite 
direction o f the target stimulus or were just neutral stripes. The condition in which all five 
arrows pointed in the same direction was called the congruent target condition. The condition 
in which the flanker arrows pointed in the direction opposite to the target arrow was named
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the incongruent target condition. The condition when the four flanker stimuli were stripes 
was called the neutral target condition. The target stimulus and the flanker stimuli were 
presented at a visual angle o f 1.1 ° above or below a fixation cross presented in the middle o f  
the screen.
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Figure 1. A) During a variable interval (VI = 400 - 1 600 ms) a central fixation cross is presented and the subject 
is instructed to look at it. Then a cue can be presented for 100 ms. In part B the four cue conditions are shown: 
No Cue, Central Cue, Double Cue, and Spatial Cue. After presentation of the cue, a central fixation cross is 
shown that is followed by the target stimulus. In part C the three different target configurations are depicted: the 
Neutral, Congruent and Incongruent target configurations. The target is depicted until the subject responds with 
a maximum of 1 700 ms. If the reaction time (RT) is shorter than 1 700 ms, the stimulus is replaced by the 
central fixation cross.
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The target stimulus could be cued in four different ways (see Figure 1b). In the first cueing 
condition, an asterisk was presented at the location o f the fixation cross (= center cue 
condition) and the target configuration was presented above or below the center o f the screen, 
with equal probability. In the second cueing condition, two asterisks were presented (= 
double cue condition). The two asterisks were presented at fixed locations o f 1.1 ° o f visual 
angle above and below the center o f the screen. Since the cue appeared 500 ms before target 
onset (see Figure 1a), the cue provided information on the timing o f the target stimulus. In the 
third cueing condition, an asterisk was presented at the future location o f the target stimulus 
above or below the center o f the screen (= spatial cue condition). In this case, subjects were 
informed both on the timing and the location o f the target configuration. In the fourth cueing 
condition, no cue was given and, as a consequence, participants had no information about the 
timing and the location o f the upcoming target symbol.
The attention network test consisted o f one training block with 24 trials and three test 
blocks with 96 trials each. After the first and second block, participants took a short break, 
before starting the next block o f the attention network test. A single trial consisted o f the 
following: during a variable interval (VI, see Figure 1a), ranging randomly in the range from 
400 - 1 600 ms, a fixation cross was presented in the middle o f the screen. Then, depending 
on the cue condition, a cue could be presented for 100 ms. Thereafter, a central fixation cross 
was presented for 400 ms, followed by the target stimulus, which was presented for 1 700 ms, 
or shorter if  a response was given within 1 700 ms. Finally, a fixation cross was presented 
during a variable delay. The length o f this delay was determined by subtracting the reaction 
time (RT) plus 400 ms from the constant trial duration that was 3 500 ms (Figure 1A). All 12 
combinations o f cueing (4) and target (3) conditions were presented in random order within 
each block. Both RT and error scores (ES; percentage o f incorrect responses) were measured 
for each condition.
Attention networks calculations an d  analyses
For each subject, all RTs o f correct responses o f a specific condition outside the range o f the 
mean RT ± 2SD of that specific condition and RTs shorter than 100 ms were excluded from 
analysis. Of note, the number o f trials deleted differed neither as a function o f time (pre 
versus post), group (meditators versus controls) or experience (high versus low) nor were 
there any interaction effects between these factors. Then, the average RT for each o f the 12 
conditions (4 cue conditions x 3 target conditions) was recalculated. Determination o f the
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network effects was based on these RT data. ES o f the 12 conditions were calculated by 
dividing the number o f incorrect responses by the total number o f responses for the specific 
condition and multiplying this number by 100.
To calculate the alerting network effect mean RT and ES o f the double cue condition 
were subtracted from the mean RT and ES o f the no cue condition. In such a way, the 
potentially beneficial effect o f an alerting cue on RT and ES was probed. The orienting 
network effect was calculated by subtraction o f the mean RT and ES o f the responses in the 
spatial cue condition from the mean RT and ES o f the responses in the center cue condition. 
This allowed us to probe the beneficial effect o f spatial information, in addition to timing 
information. The executive network effect was calculated by subtracting the mean RT and ES 
in the congruent target condition from the mean RT and ES in the incongruent target 
condition. In this way, the advantage o f congruence over incongruence in the target condition 
was determined. Mean RT and ES o f the three target conditions were averaged to calculate 
the orienting and alerting network effects, whereas mean RT and ES o f the 4 cueing 
conditions were averaged to calculate the executive network effect. Calculations o f the 
network effects were identical to the procedure used by the developers o f the ANT (Fan et al., 
2002). Normalized network effects were determined by dividing the raw network effect by 
the mean o f the two conditions involved in the calculation o f the network effect (Raw effect: 
R = RTA -  RTB; Normalized effect: N  = R/(( RTA + RTB) /2) with RTX representing mean 
RT for condition x, similar to Wang et al. (2005)). For all group data, subject scores outside 
the range o f the mean ± 2SD of that group were removed from analysis and the score o f the 
matching subject in the other group was excluded as well.
Due to limitations o f the available time for testing, two different versions o f the ANT 
were used. One version was identical to the original ANT developed by Fan et al. (2002), 
while the other version consisted o f more trials (480 instead o f 282) and in this adapted 
version the neutral target condition was left out, similarly to a later version o f the ANT used 
by Fan and others in 2005 (Fan et al., 2005). Fourteen meditators as well as their matched 
control participants were tested on the latter version and the remaining subject-pairs were 
tested on the original version (Fan et al., 2002). In this way, no group differences were 
present with respect to the number o f subjects that completed the different versions o f the 
ANT. Task version was included as a between-subject factor in the statistical analyses and 
was shown not to interact with any o f the group effects (all p-values > .1).
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Statistical analyses 
Attention Network Scores
Repeated-measures ANOVA were run to test whether groups revealed different changes in 
attention network scores over time. Within each analysis, one o f the attention network scores 
(expressed as normalized RT or ES) was entered as dependent variable, and time (pre versus 
post) and group (meditator versus matched control) were entered as within-subject factors. 
Group was considered a within-subject factor because control subjects were strictly matched 
to meditators on age, gender and ethnicity, and two related instead o f independent samples 
were obtained. Meditation experience (low versus high) and task version (short versus long) 
were entered as between-subject factors.
Overall attentional processing
Logistic regression analyses on overall data (all conditions combined) were run to test 
whether groups differently changed over time in more general, integrated attentional 
performance. More specifically, with the logistic regression analysis it was tested whether 
groups differed in the accuracy o f responding when correcting for differences in RT (for 
more details on the logistic regression analysis and the method to assess such more general, 
integrated attentional performance, see Van den Hurk et al. (2010a)). In the first logistic 
regression analysis the dependent variable was response (correct versus incorrect) and the 
predictors were time (pre versus post), group (retreat versus control), meditation experience 
(low versus high) and RTcen. RTcen is a variable o f which the scores were obtained by a 
transformation o f the variable RT. Each RT score was recalculated into a RTcen score by 
subtracting the overall mean RT score from this score. As such a new RTcen distribution was 
obtained with a mean RTcen score o f zero. Because o f this transformation, the outcomes of 
the logistic regression analyses show effects for the overall mean RT (instead o f an RT of 
zero) and as such meaningful interpretations o f the outcomes o f the regression analysis were 
allowed for. In the second logistic regression analysis the dependent variable was response 
(yes versus no) and the predictors were time, group and meditation experience.
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Results
Attention Networks Analyses 
Normalized RT scores
Repeated-measures ANOVA with normalized RT scores o f the alerting network showed no 
group x time interaction, F(1,19) = 1.083, p = 0.31 and only a significant effect o f time was 
observed, F(1,19) = 10.640, p < 0.01, n2 = 0.36 (see Figure 2).
Figure 2. For both groups (meditators and controls), mean alerting, orienting and executive attention network 
data (in ms) of the pre- and post-measurement are depicted. In the upper panel the data of the MM group with a 
low level of experience and their matched controls are shown, whereas in the lower panel the data of the MM 
group with a high level of experience and their matched controls are shown. Error bars indicate 95% confidence 
intervals (CI). The highly experienced meditators showed a smaller orienting network effect after the retreat (p < 
.05).
For the orienting network no significant group x time interaction was observed, 
F(1,18) = 1.354, p = 0.26. However, a significant effect o f group, F(1,18) = 5.486, p < 0.05, 
n2 = 0.23 and a group x meditation experience interaction were observed, F(1,18) = 14.081, p
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< 0.01, n2 = 0.44. Because o f the significant interaction between group and meditation 
experience, separate post-hoc repeated-measures ANOVA were run for meditators with a low  
level of MM experience and their matched controls and for meditators with a high level of 
MM experience and their matched controls. For the group with a low level o f experience only 
a significant effect o f time was observed, F(1,10) = 5.544, p < 0.05, n2 = 0.36. On the 
contrary, for the group with a high level of experience significant main effects of group, 
F(1,8) = 18.514, p < 0.01, n2 = 0.70 and time, F(1,8) = 11.567, p < 0.01, n2 = 0.59, and a 
significant group x time interaction, F(1,8) = 6.442, p < 0.05, n2 = 0.446, were observed. 
Post-hoc analyses revealed that the size o f the orienting network was significantly smaller for 
the meditators only after the retreat, F(1,9) = 22.301, p < 0.01, n2 = 0.71 (see Figure 3b). In 
addition, the control group showed a significantly higher orienting network score on the post­
measurement, F(1,10) = 22.945, p < 0.01, n2 = 0.70, whereas the meditators did not show a 
significant difference between the pre- and post-measurement, F(1,10) = .885, p = 0.37 (see 
Figure 3c).
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Time ¡¡me GROUP
Figure 3. A. Individual orienting network scores (normalized RT) are shown for the group of highly experienced 
meditators and their group of matched controls (blue circle = control, red square = meditator) at the pre- and 
post-measurement. B. The mean difference between subject-pairs (highly experienced meditatorx minus 
controlx) in orienting network score is shown at the pre- and post-measurement. Error bars indicate 1 standard 
error. C. The mean difference between the post- and pre-measurement in orienting network score is shown for 
the group of highly experienced meditators and their group of matched controls. Error bars indicate 1 standard 
error.
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For the executive network no group x time interaction was found (p = 0.18), but a 
main effect o f time was observed, F(1,17) = 21.324, p < 0.001, n2 = 0.56. In addition, a trend 
towards a significant group effect was observed, F(1,17) = 3.122, p = 0.09, suggesting a 
larger executive network effect in the group of meditators.
Error scores
For none o f the attention networks a significant group x time interaction was observed: 
F(1,16) = 0.297, p = 0.59 for alerting, F(1,16) = 1.633, p = 0.22 for the orienting network and 
F(1,17) = 0.007, p = 0.93 for the executive network. In addition, neither group effects nor 
group x meditation experience interactions were observed.
O verall attentional perform ance  
Number o f correct and incorrect responses
The first logistic regression analysis was run to test whether overall attentional performance 
(expressed in terms of correctness of response) of the retreat group changed differently over 
time as compared to the control group. In order to optimize the regression analysis for testing 
the significance of the group x time interaction, the other predictors group, time, RTcen, 
meditation experience and all possible interactions were included in the model. RTcen, p = 
0.013, p < 0.001, Exp(B) = 1.013 and group x meditation experience, p = 0.824, p < 0.05, 
Exp(B) = 2.279 were significant predictors for the chance o f giving a correct response (see 
Figure 4).
Because of the group x meditation experience interaction, separate logistic regression 
analyses were run for the groups with a low and a high level of meditation experience. For 
the group with a low level of meditation experience only RTcen was a significant predictor, p 
= 0.013, p < 0.001, Exp(B) = 1.013, but for the group with a high level o f meditation 
experience RTcen, p = 0.014, p < 0.001, Exp(B) = 1.014 and group, p = 0.685, p < 0.01, 
Exp(B) = 1.985 were significant predictors and a trend towards a significant group x time 
interaction was observed, p = -0.407, p = 0.086, Exp(B) = 0.666. Because o f this trend 
towards a significant group x time interaction, separate logistic regression analyses were run 
for the baseline and post-retreat measurements. At the baseline measurement RTcen, p = 
0.014, p < 0.001, Exp(B) = 1.014 and group, p = 0.660, p < 0.05, Exp(B) = 1.935 were 
significant predictors, indicating a higher chance of a correct response for the group with a
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high level o f meditation experience than for their matched controls. At the post-retreat 
measurement only RTcen, P = 0.012, p < 0.001, Exp(B) = 1.013 was a significant predictor.
Figure 4. Mean error score (ES; %) for meditators (dark grey bars) and controls (light grey bars) for reaction 
times (RT; ms) within windows of 30 ms in the range between 310 and 970 ms are shown. At baseline, highly 
experienced meditators make significantly less errors than matched controls for equally fast responses, as shown 
in the lower left panel.
Interestingly, in a recent study by Lutz and colleagues an increased attentional 
stability at the behavioral and neural level was shown after three months of intensive 
meditation training (Lutz et al., 2009). Moment-to-moment stability o f attention at the 
behavioral level was indexed by quantifying the cross-trial variability of reaction time (i.e., 
SD). By including SD in our logistic regression analysis, we wanted to determine whether the 
greater attentional efficiency observed at the baseline measurement for the group with a high 
level of meditation experience could be explained by a measure of attentional stability such 
as cross-trial variability (SD). This would be the case if the factor group would not be a
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significant predictor o f the probability o f a correct response after entering SD in the 
regression model. Regression analysis showed that group remained a significant predictor, P 
= 1.545, p < 0.001, Exp(B) = 4.686, after entering SD; and that SD was a significant predictor 
of the probability o f a correct response, P = 0.019, p < 0.05, Exp(B) = 1.019, in addition to 
RTcen and group. This result shows that the greater attentional efficiency in the group of 
highly experienced meditators cannot be explained by differences in attentional stability 
between groups. In addition, this result shows that the probability o f a correct response is 
related to cross-trial variability (SD).
In summary, when the probability o f a correct response for equally fast responses was 
considered, there was a difference between the groups with a low versus a high level of 
meditation experience. The group of meditators with a low level of meditation experience did 
not show a higher probability of a correct response across the baseline and post-retreat 
measurement when compared to their matched controls. In addition, this group o f meditators 
did not change differently over time. The group with a high level of meditation experience, 
on the contrary, did show a higher probability o f a correct response, i.e., increased efficiency, 
across time points when compared to their matched controls. This effect was driven by the 
difference at baseline, since no higher probability for a correct response was observed for the 
group of meditators at the post-retreat measurement.
Number o f responses and misses
The second logistic regression analysis was run to test whether overall attentional 
performance (expressed in terms o f the probability o f a response (i.e., 1 -  probability of 
miss)) o f the retreat group changed differently over time as compared to the control group. 
This would be the case if a significant group (retreat versus control) x time (pre versus post) 
interaction would be found. In order to optimize the regression analysis for testing the 
significance of the group x time interaction, the other predictors group, time, meditation 
experience and all possible interactions were included in the model. No significant group x 
time interaction was found.
Discussion
The results of this study show that the orienting of attention was more flexible after the 
retreat in the group with a high level of meditation experience as compared to their matched 
controls. In addition, at baseline, the practice o f MM was again associated with greater 
efficiency in attentional processing, but only in the group with a high level of MM
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experience. These results are in line with the findings reported in the study by Van den Hurk 
et al. (2010a), in which a different sample o f expert meditators was tested. Furthermore, both 
these findings are in line with our predictions and suggest that mental training by MM 
improves attentional processing. The high scores found for the executive attention network 
for the group of meditators were contrary to our predictions, suggesting a larger influence of 
conflict in the group o f meditators as compared to their matched controls.
Our results suggest a causal relationship between the practice o f MM and a more 
flexible orienting of attention for two reasons. First, the more flexible orienting of attention 
was observed only after the retreat and not before. Second, the improvement was observed 
only in the group with a high level of meditation experience. Noteworthy, the low and high 
experienced groups of meditators did not differ in the average age at which the MM practice 
was started, which suggests that no differences in factors that determine the onset time of the 
meditation practice were present. Still, we have to be careful in generalizing the interpretation 
of our results, as only subjects with previous meditation experience (low and high, except for 
one subject without experience) participated in the retreat. The random assignment of 
meditation naive subjects to a MM and control group would have been a better experimental 
design for studying the causal relationship, as this is the optimal procedure to control for any 
confounding influences. However, this design seems highly impractical if not impossible, as 
it requires a longitudinal study o f at least 10-20 years to obtain a sample o f highly 
experienced meditators. Of note, our interpretation o f the smaller orienting network effect as 
reflecting a more flexible orienting of attention is based on the remark made by Fan and 
Posner: “For the orienting condition we generally assume that larger orienting times arise 
because o f a difficulty in disengaging from the center cue, where no target appears” (Fan & 
Posner, 2004).
Interestingly, the fact that the improved orienting of attention was found only in the 
group of expert meditators provides new support to the pattern that was proposed in the 
clinical study by Van den Hurk et al. (2011b). In the discussion o f that study, reviewing 
recent research on the effects of MM on attentional processing, it was suggested that changes 
in specific, basal components of attention (alerting, orienting, executive) might only be 
expected after a long-term practice and not after short-term MM trainings (such as 
mindfulness-based interventions). However, the present results seem to show that high 
experienced meditators - but not low experienced meditators - can improve the orienting of 
attention over the course o f a short-term MM training. As such, our findings suggest that
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short-term MM trainings can improve attention, yet only in subjects that already have a 
substantial amount of MM experience.
In the present study, MM was again associated with an increased efficiency at a more 
general, integrated level of attentional processing 2. This was reflected by a higher probability 
of giving a correct response for equally fast reaction times in the group of highly experienced 
meditators, just before the start of the retreat. The fact that this effect was not observed in the 
low-experienced meditators points once more to the important role of the amount of practice 
with regard to stable improvements in attentional processing. In the search for a possible 
neurophysiological correlate o f the greater efficiency in attentional processing, we tried to 
relate our finding to the attentional stability measure used by Lutz et al. (2009). In their study, 
attentional stability at the behavioral level (standard deviation o f reaction time, SD) was 
shown to be associated with theta-band phase consistency. Our post-hoc analysis that 
included their behavioral measure o f attentional stability (SD) showed that the greater 
efficiency in attentional processing could not be explained by a difference in attentional 
stability. This result suggests that a neurophysiological correlate other than theta-band phase 
consistency is responsible for our finding o f greater attentional efficiency. Noteworthy, our 
analysis also showed that the measure o f attentional stability was related to the probability of 
a correct response. Thus, further research is needed to identify a neurophysiological correlate 
of the increased attentional efficiency in meditators.
Since a considerable number o f studies have associated the practice o f MM with 
improvements in executive attention rather than deteriorations (Chan & Woollacott, 2007; 
Jha et al., 2007; Moore & Malinowski, 2009; Van den Hurk, et al., 2010a), the finding o f a 
trend for a larger executive attention network effect in the group of meditators - which 
suggests a greater difficulty with processing conflicting information - was surprising. As 
group scores for the executive attention network did not differently change over time and 
were not differently affected by the level of meditation experience, the high scores for the 
group of meditators could not be related to the intensive practice of MM during the retreat or 
to the amount of MM experience, respectively, suggesting factors other than MM to be 
responsible for these higher executive attention network scores. At this point, it is interesting 
to consider possible confounding factors that might play a role in the present research. One 
such factor is the level of specific mood states in the MM group that is about to participate in 
a MM retreat, reflecting a selection bias for subjects attending a retreat. Since mood states 
have been related to different styles o f cognitive processing (Bar-Haim, Lamy, Pergamin, 
Bakermans-Kranenburg, & van IJzendoorn, 2007; Mathews & MacLeod, 2002; Mogg &
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Bradley, 2005), differences in the level o f these mood states might have affected the 
performance o f the MM group, albeit specific for the executive attention network since scores 
on the alerting and orienting networks are very similar to previous results (Van den Hurk et 
al., 2010a). Thus, it would be interesting for future research to investigate whether the 
surprisingly high executive attention network scores are related to the level o f specific mood 
states that tend to be characteristic for mindfulness meditators who are about to decide to 
attend such an intensive MM retreat.
All but one subject in the retreat group o f this study have experience with Vipassana 
meditation, which is also known as mindfulness meditation. Vipassana meditation consists of 
both concentration meditation (focused attention: FA) and mindfulness meditation (open 
monitoring: OM). FA is generally considered to be the base o f the practice (that is trained 
first), upon which the ability o f OM is cultivated. Thus, all but one subject have experience 
with both FA and OM meditation and it seems very difficult to get a reliable estimate o f the 
respective contribution o f the two different forms as they appear to become more and more 
intertwined along the practice. In our view, in order to differentiate between FA and OM 
effects on attentional processing, it might be interesting for future research to investigate 
whether meditators with only FA experience reveal a similar pattern o f results.
It is important to note that the subjects in the retreat group differed in two ways from 
the subjects in the control group. First, they already have MM experience before start o f the 
retreat and second, they practice MM intensively during the retreat. Because o f these 
differences, we cannot conclude that the higher performance o f meditators on the orienting 
network after the retreat is due to the intensive MM practice during the retreat. It might be 
that meditators do show improved performance at the second time o f testing as a result o f a 
larger practice effect. In our view, however, it seems unlikely that there are such differences 
in practice effects between the groups as the ANT probes attentional functioning at a very 
low, fundamental level, ruling out the possibility to develop advanced cognitive strategies 
that improve performance. It seems more plausible to assume that the intensive practice of 
MM, with attentional training as a core component, is the cause for the improved 
performance. Ultimately, in order to verify this assumption, the inclusion o f a control group 
of experienced meditators who do not intensively practice MM during the time o f the retreat 
is needed.
In summary, in this study the intensive practice o f MM was related to an 
improvement in the orienting o f attention, i.e., a more flexible orienting o f attention. In 
addition, the role o f the amount o f MM experience was underlined, as the improvement in the
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orienting o f attention as well as a greater efficiency in overall attentional processing were 
observed only in highly experienced meditators. Because only subjects with previous 
meditation experience intensively practiced MM in this study, our findings cannot be 
generalized and longitudinal research with meditation-naïve participants is needed. 
Furthermore, in future research, the inclusion o f other control groups such as a relaxation 
training group might prove insightful regarding the specific elements o f the MM practice that 
underlie the effects on attentional processing. Taken altogether, the results o f this study seem 
to provide preliminary evidence to suggest that MM improves attentional processing, at the 
level o f specific components, as well as at a more general, integrated level.
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Footnotes
1 With specific, basal components o f attentional processing the specific attentional 
functions o f alerting, orienting and executive attention are referred to (Fan et al., 2002), 
whereas with more general, integrated attentional processing the overall performance in 
attention tasks is meant.
2 In line with our previous research findings (Van den Hurk et al., 2010a) we have 
labeled the outcome o f the logistic regression analysis as ‘the efficiency in overall attentional 
processing’. This might be a confusing name as it seems to refer only to the role o f attentional 
processing, while we actually intend to refer to the efficiency in the overall processing o f the 
target stimulus, i.e., from the sensory input side to the motor output side.
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Chapter 4 
Neurophysiological evidence for improvements in attention related to 
mindfulness meditation
Mental training by mindfulness meditation (MM) has been associated with improvements in 
attention. Still, neural evidence for a more flexible orienting o f attention is missing. A  
candidate neural mechanism is the modulation o f alpha activity at parieto-occipital sites, 
which has been linked to covert visuospatial orienting o f attention. Therefore, the present 
study compared the EEG of experienced mindfulness meditators to the EEG of matched non­
meditators in a visuospatial attention task with two conditions: unidirectional cueing (UC) 
and bidirectional cueing (BC). In the UC condition the ability to direct attention to one 
hemifield is probed and a typical lateralization o f alpha activity is seen. In the BC condition 
the ability to allocate attentional resources over a wide range o f spatial locations is probed 
and a bilateral reduction in alpha activity can be expected. To study attention effects on the 
perceptual processing o f the stimulus, the N1 amplitude o f the ERP was measured. Results 
showed an increase in alpha lateralization after unidirectional cueing, characterized by 
enhanced modulation o f alpha activity across both hemispheres, in meditators. In addition, 
meditators showed a stronger bilateral reduction in alpha activity in the BC condition. 
Accordingly, meditators showed an increased N1 amplitude in both the UC and BC 
condition. In sum, these results provide compelling and consistent evidence for the idea that 
mental training by MM is associated with enhancements in the neural mechanism underlying 
the orienting o f visual attention and, more generally, to improvements in the allocation of 
visual attentional resources.
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Introduction
A considerable number o f studies have associated the practice o f mindfulness meditation 
(MM) with improvements in attention (Brefczynski-Lewis, Lutz, Schaefer, Levinson, & 
Davidson, 2007; Chan & Woollacott, 2007; Jha et al., 2007; Lutz et al., 2009; MacLean et al., 
2010; Moore & Malinowski, 2009; Slagter et al., 2007; Valentine & Sweet, 1999; Van den 
Hurk, Giommi, Gielen, Speckens, & Barendregt, 2010a). One o f the most consistent findings 
has been improved executive attention, shown at both the behavioral and neural level (Chan 
& Woollacott, 2007; Moore & Malinowski, 2009; Slagter et al., 2007; Van den Hurk et al., 
2010a). For instance, in the studies by Moore and Malinowski (2009) and Chan and 
Woollacott (2007) reduced effects o f distracting, conflicting information were found in the 
Stroop task, whereas in the study by van den Hurk et al. (2010a) meditators showed reduced 
interference by distracting flankers in the attention network test. On the neural level, Slagter 
et al. (2007) found an improved control over the distribution o f limited brain resources in an 
experiment probing the attentional blink phenomenon. More specifically, a reduced P3b was 
found during processing o f the first o f two targets, which seemed the cause for the improved 
processing o f the second target. Next to an improved executive attention, the practice o f MM 
has been related to improved, i.e., a more flexible orienting o f attention (Hodgins & Adair, 
2010; Jha et al., 2007; Van den Hurk et al., 2010a; Van den Hurk, Giommi, Gielen, Speckens, 
& Barendregt, 2011a). This increased flexibility in the orienting o f attention was shown by a 
reduction in the time needed to shift attention from the one location to another. To our 
knowledge, the improved flexibility has only been shown at the behavioral level and there 
appear to be no studies that investigated the neural basis o f this finding. The aim of the 
current study was to find the neural correlate o f the improved flexibility in the orienting of 
visual attention that has been associated with MM.
In recent years, several studies have consistently shown modulations o f alpha activity 
at parieto-occipital sites to be related to visuospatial orienting o f attention (Kelly et al., 2006; 
Rihs et al., 2007; Sauseng et al., 2005; Thut et al., 2006). In more detail, pre-stimulus 
decreases in alpha activity have been observed at parieto-occipital sites contralateral to the 
location at which a visual target stimulus would be presented. Conversely, pre-stimulus 
increases in alpha activity have been observed at parieto-occipital sites ipsilateral to an 
upcoming visual target, especially in the presence o f distracting stimuli at the opposite side o f  
the target. This combination o f results has led to the idea that activity in the alpha band at 
parieto-occipital sites reflects an inhibitory, gating mechanism (Jensen & Mazaheri, 2010; 
Kelly et al., 2006; Rihs et al., 2007). Due to these retinotopically specific modulations of
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alpha activity, a lateralization o f alpha activity can be observed in visuospatial attention tasks 
using left/right cues (Thut et al., 2006).
In order to probe the neural correlates o f the improvements in the orienting of 
attention that have been associated with MM, the EEG of a group o f experienced mindfulness 
meditators was compared to the EEG of a group o f age-, gender- and ethnicity-matched non­
meditators in a lateralized visuospatial attention task. For the group o f meditators we 
expected a higher level o f alpha lateralization during the cue-target interval, an increase in the 
maximum value o f alpha lateralization and a reduced latency for the time point o f this 
maximum relative to the control group. Such outcomes would provide evidence for the view  
that the mental training by MM is associated with enhancements in the neural mechanism 
underlying the orienting o f attention.
Interestingly, it has been suggested that each o f the cerebral hemispheres contains a 
set o f mechanisms for attentional control and perceptual representation (Arguin et al., 2000; 
Luck, Hillyard, Mangun, & Gazzaniga, 1994; Spencer & Banich, 2005). Moreover, these 
hemispheric attention systems may be capable o f operating independently in the intact brain 
(Corballis & Gratton, 2003) and appear to have mutually inhibitory biases that compete to 
direct attention to contralateral space. In other words, the focus o f spatial attention has been 
suggested to be influenced by mutually competitive hemispheric attention systems. Because 
of these different, independent and competing hemispheric attention systems, we probed 
modulations o f alpha activity for both hemispheres separately and investigated whether there 
are differences between groups in hemispheric-specific modulations in alpha activity.
So far, our research questions pertained to visuospatial attention that is directed 
towards one specific spatial location. Next to this form of attention, our interest was in a 
difference between groups in divided, more global attention. In other words, next to changes 
in alpha lateralization, which are seen after unidirectional cueing, our interest was in the 
difference between groups in the degree o f alpha modulation after bidirectional cueing, 
reflecting a more global, divided attention. In more detail, we expected the experienced 
meditators to show a stronger bilateral reduction o f alpha activity at parieto-occipital sites 
when no specific directional information about the visual target was provided by the cue. 
Such a finding would show an improved ability o f mindfulness meditators to allocate 
attentional resources over a wide range o f spatial locations and would be in line with other 
research findings on improved allocation o f attentional resources in meditators (Slagter et al., 
2007; Van den Hurk, Janssen, Giommi, Barendregt, & Gielen, 2010b).
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Differences in alpha desynchronization linked to the allocation o f attention have been 
shown to predict event-related potential (ERP) measures o f perceptual processing o f targets 
(Gould, Rushworth, & Nobre, 2011; Worden, Foxe, Wang, & Simpson, 2000). More 
specifically, enhancements o f the stimulus-evoked P1-N1 complex and the N1 component 
have been found (Gould et al., 2011; Worden et al., 2000), which reflect well documented 
attention effects (Hillyard & Anllo-Vento, 1998). In order to study whether differences in 
attention-related modulation o f alpha activity are associated with such attention effects on the 
processing o f the target, the N1 amplitude o f the target was probed. Specifically the N1 
amplitude was probed, because it has been shown that stimuli presented to the lower visual 
field generate a prominent N1 component in the ERP (van Schie, Wijers, Kellenbach, & 
Stowe, 2003).
Methods
E thical approval
The experiment was done in accordance with the standards o f the Declaration o f Helsinki and 
was approved by the local ethical committee, i.e., Central Committee on Research on Human 
Subjects (CCMO) region Arnhem/Nijmegen. All subjects gave written informed consent 
before start o f the experiment. They were paid 15 euros for participation in the experiment 
and received a refund o f their travel expenses.
Subjects
Ten experienced mindfulness meditators and ten healthy controls, matched on age, gender 
and ethnicity participated in this study. The matching was done in such a way that for each 
meditator a specific control subject with the same age (±3 years), gender and ethnicity was 
selected. In this way, subject-pairs were formed and two related -  instead o f two independent 
-  subject samples were obtained. Groups consisted o f 4 males and 6 females and all subjects 
were o f the Caucasian race. The mean age o f the meditators was 49.6 (SD=10.2) years, with a 
range o f 36-65 years. The mean age o f the controls was 49.7 (SD=9.9) years, with a range of 
39-63 years and no difference between groups was present (p = .84). The amount o f MM 
experience was determined by means o f a questionnaire and meditators indicated to have a 
mean MM experience o f 12.4 (SD=10.5) years, with a range o f 2 -30  years. The controls did 
not have any meditation experience.
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Experim ental setup an d  paradigm
During the experiment, subjects sat in a dark room in front o f a monitor at a distance o f 70 
cm (between the tip o f the nose and the screen). Subjects were asked to perform a cued 
visuospatial attention task. In figure 1 details o f the experimental paradigm are illustrated. 
Throughout the task subjects were asked to keep fixation on a central cross (7 mm, 0.6° visual 
angle) and to avoid head movements, eye movements and saccades at any time point. 
Together with the fixation cross, two gray squares (35 x 35 mm, 2.9° x 2.9° visual angle) - 
serving as position markers to facilitate covert shifting and maintaining o f attention - were 
continuously displayed in the lower left and right visual fields throughout testing. The targets 
and distracters in the task were presented in the center o f these squares resulting in a 
horizontal eccentricity o f 10.1° and a vertical eccentricity o f 3° from the central fixation cross.
A total number o f 600 trials, 60 blocks o f 10 trials with pauses in between, were 
presented during testing, consisting o f 300 trials with a unidirectional cue (UC) and 300 trials 
with a bidirectional cue (BC). During UC trials, in addition to providing timing information, 
the cue indicated whether the target would be presented in the left or the right gray square 
(with 100% validity). Half (n = 150) o f the unidirectional cues indicated that the target would 
be presented in the left gray square (LC) and the other half indicated presentation o f the target 
in the right gray square (RC). During BC trials subjects were provided only with information 
regarding the timing o f the presentation o f the visual target stimulus and did not know 
whether the target would appear in either the left or the right gray square. In half (n = 150) of 
the BC trials the target was presented in the left gray square (LT) and in the other half the 
target was presented in the right gray square (RT). All four kinds o f trials (LCLT, RCRT, 
BCLT, BCRT) were randomly presented throughout testing. The target consisted o f a vertical 
bar with a smaller horizontal bar attached and was presented for 160 ms with a variable delay 
after the cue, ranging from 1250 -  2250 ms. Subjects were instructed to indicate the position 
of the horizontal bar relative to the vertical bar as fast as possible by pressing one o f four 
buttons in a predetermined way: 1 = left-side up, left middle finger; 2 = left-side down, left 
index finger; 3 = right-side up, right middle finger and 4 = right-side down, right index 
finger. All subjects were instructed to guess in case they could not identify the position o f the 
horizontal bar. This was done in order to exclude individual differences in the approach 
towards the task, i.e., guessing versus not guessing. While the target was presented in the 
center o f one o f the two gray squares, a normal ‘T’ or an upside-down ‘T’ was always 
presented in the center o f the other gray square and served as a distracter.
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Figure 1. In the upper left panel the cue, target and distracter are all shown on the screen for illustration. Three 
different cues, depicted in the upper middle panel, could be shown: Bidirectional Cue (BC), not providing 
specific spatial information about the target; Left Cue (LC), indicating that the target would appear in the left 
gray square; Right Cue (RC), indicating that the target would appear in the right gray square. Four different 
targets, depicted in the lower left panel, could be shown: the horizontal bar could be positioned on the left-side 
on the top or lower end of the vertical bar, i.e., left-side up, or left-side down, or on the right side on the top or 
lower end of the bar, i.e., right-side up, or right-side down. Two different distracters, shown in the lower middle 
panel, could be shown: a normal ‘T’ or an upside-down ‘T’. In the lower right panel the time line of the trials is 
shown: after a 1500 ms interval, the cue was shown for 160 ms. Then, after a variable cue-target interval 
ranging from 1250 to 2250 ms, the target would be presented for 160 ms. The end of the trial was determined by 
a response or, in the case of no response, ended 2340 ms after the target. In the upper right panel the 
predetermined way in which subjects had to give responses is depicted.
Three hundred trials were presented before the test phase in which 6 differently sized 
targets were randomly used (n = 50 for each target size). This was done in order to determine 
the two targets o f adjacent sizes that were to be used during the test phase (similar to Thut et 
al., 2006) so that performance o f the subjects would be around 70% of hits in the BC 
condition and 80% of hits in the UC condition (a higher performance level is seen in the UC 
condition as more information about the target is provided). In this way an attempt was made 
to standardize the difficulty level o f the task across subjects and groups and to have 
motivated and not frustrated subjects. During the test phase 2 out of 8 differently sized
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targets, ranging from 5 x 10 to 12 x 24 pixels (2 x 4 to 5 x 10 mm, respectively), could be 
used.
Recording
Continuous EEG data was recorded using a 64-channel active electrode Acticap EEG system 
using Bain Vision Recorder 1.0 (Brain Products GmbH, Munich, Germany). Placement of 
sensors was according to the 10-20 international system. EEG data was average referenced 
and sampled at 500 Hz. The ground electrode was placed on the collarbone. Impedance was 
kept below 20 kQ. EEG was online filtered with a low cutoff o f 0.531 Hz (time constant 0.3 
s) using a Butterworth Zero Phase Filter. All trials were visually inspected and trials with 
ocular artifacts during presentation o f the cue or target or with any horizontal eye movements 
were removed from analysis. Activity related to eye movement or eye blink was recorded by 
vertical and horizontal bipolar EOG electrodes.
Behavioral analysis
A paired-samples T-test was used to determine whether the target size used during the test 
phase was different between groups. Data o f RT, hits, errors and misses were analyzed by 
means o f repeated-measures ANOVA. In the first analysis mental training (MT; yes versus 
no) and cue condition (CC; unidirectional versus bidirectional) were entered as the within- 
subject variables. Mental training was considered a within-subject factor because o f the strict 
matching o f the control subjects to the subjects in the mental training group, due to which 
two related instead o f independent subject samples were obtained. In the second analysis CC 
(this time left versus right instead o f unidirectional versus bidirectional) and MT were entered 
as the within-subject variables.
Frequency analysis
Data were analyzed using Fieldtrip software (http://www.ru.nl/fcdonders/fieldtrip), an open- 
source Matlab toolbox for neurophysiological data analysis developed at the Donders Centre 
for Cognitive Neuroimaging. By means o f independent component analysis (ICA; RUNICA 
method) the trials, running from 500 ms pre-cue until 1250 ms post-cue, were cleaned from 
artifacts such as eye blinks and were baseline corrected. In addition, data from bad channels 
were removed from the analysis. Time-frequency representations (TFRs), estimating the time 
course in power, were computed using a Fourier approach, applying a sliding tapered 
window. To estimate the power values in the alpha frequency band, running from 8 -  14 Hz
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(in steps o f 2 Hz), we applied a variable time window covering 4 complete cycles o f each 
specific frequency. As such, the length o f the sliding tapered window varied from 500 ms 
until 285.7 ms for the frequencies within the alpha band (8 -  14Hz). Power values were 
determined at 250 ms before cue (baseline value) and from 250 ms until 1000 ms after the 
cue in steps o f 50 ms, excluding target related activity in the alpha band from the analysis 1.
Alpha lateralization index scores  For each time point in the time window running from 250­
1000 ms post-cue (steps o f 50ms) the alpha activity in the LC and RC condition was 
normalized by dividing the power values at these time points by the power value in the 
baseline (determined by the window centered at 250 ms before the cue). Then, for these time 
points, the mean normalized alpha activity over the frequencies in the alpha band (8, 10, 12, 
14 Hz) and over the electrodes in the region o f interest (ROI) was calculated. 14 Hz) and over 
the electrodes in the region o f interest (ROI) was calculated. To define the ROI, we pooled 
data from the MT and control groups, contrasted left versus right cueing and included the 
sensors showing the strongest effect in this analysis (see Figure 1, supplemental material), 
resulting in the electrodes C3, C1, CP5, CP3, CP1, P5, P3, P1, PO3, PO7, O1 to form the left 
ROI and the electrodes C4, C2, CP6, CP4, CP2, P6, P4, P2, PO4, PO8, O2 to form the right 
ROI. Alpha lateralization index scores were calculated for each time point by: mean 
normalized alpha power right ROI / mean normalized alpha power left ROI, separately for 
the LC and RC condition. Repeated-measures ANOVA was run with CC (left versus right) 
and MT (yes versus no) as within-subject factors and the sum o f the alpha lateralization index 
scores over the time window from 250 ms post-cue until 1000 ms post-cue as dependent 
variable. This analysis was run to see whether the factor CC had a significant effect on the 
alpha lateralization index scores, as has been shown before (Thut et al., 2006), and whether 
the factor MT did interact with CC. In addition, an overall value o f alpha lateralization - 
reflecting the ability to lateralize alpha activity integrated over left and right cueing - was 
determined by subtracting the alpha lateralization index scores after left cueing from the 
alpha lateralization index scores after right cueing. For this overall measure o f alpha 
lateralization the maximum value and the latency o f this maximum were calculated. 
Repeated-measures ANOVA with MT (yes versus no) as within-subject factor were run on 
these overall parameters to study group differences.
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Figure 1 supplemental material. The grand average (across groups) of alpha activity modulation (normalized 
alpha power right cue / normalized alpha power left cue) is shown. Note the modulation of alpha activity in 
electrodes C2, C4, CP2, CP4, CP6, P2, P4, P6, PO4, PO8, O2 (right hemisphere; right ROI) and C1, C3, CP1, 
CP3, CP5, P1, P3, P5, PO3, PO7, O1 (left hemisphere; left ROI). The time windows on the horizontal axes are 
running from 250 ms pre-cue until 1000 ms post-cue. Frequencies ranging from 4-18 Hz are shown along the 
vertical axes. Color intensities of the figure represent values ranging from 0 (blue) until 2 (red).
Alpha modulation index scores  Alpha modulation index scores were determined by dividing 
the normalized alpha activity in the RC condition by the normalized alpha activity in the LC 
condition, separately for the left and right ROI. To see whether there are group differences in 
alpha activity modulation in the right and/or left hemisphere, repeated-measures ANOVA  
was run with MT (yes versus no) and hemisphere (HE; left versus right) as within-subject 
factors and the sum of alpha activity modulation index scores over the time period from 250­
1000 ms post-cue as dependent variable.
N orm alized alpha activity  after bidirectional cue For each electrode (CP5, CP3, CP1, P7, P5, 
P3, P1, PO7, PO3, O1, CP6, CP4, CP2, P8, P6, P4, P2, PO8, PO4, O2; these electrodes o f  
interest were determined on the basis of pooled group data (data of meditators and control 
subjects combined) o f the BC condition, see Figure 2 supplemental material), frequency (8, 
10, 12, 14 Hz) and time point (250-1000 ms post-cue in steps o f  50ms) the normalized alpha 
power was determined by dividing the alpha power at that time point by the power in the
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baseline period (determined with a window centered at 250 ms pre-cue). The average 
normalized alpha power was calculated by averaging the normalized power values over the 
frequencies in the alpha band and over the electrodes o f  interest. In the next step, the grand 
average normalized alpha power was calculated by averaging over the left and right target 
conditions in the BC condition. For this overall measure o f  normalized alpha power at 
parieto-occipital electrodes the minimum value, latency o f  the minimum and the sum over the 
time points in the time period running from 250-1000 ms were determined. Repeated- 
measures ANOVA with MT (yes versus no) as within-subject factor were run to see whether 
groups differed on these parameters.
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Figure 2 supplemental material. The grand average (across groups) of normalized (relative to baseline) alpha 
activity in the BC condition is shown. Note the decrease in alpha activity in electrodes CP6, CP4, CP2, P8, P6, 
P4, P2, PO8, PO4, O2 (right hemisphere) and CP5, CP3, CP1, P7, P5, P3, P1, PO7, PO3, O1 (left hemisphere). 
The time windows on the horizontal axes are running from 250 ms pre-cue until 1000 ms post-cue. Frequencies 
in the range from 4-18 Hz are shown along the vertical axes. Color intensities of the figure represent values 
ranging from 0 (blue) until 2 (red).
Target ERP analysis Target ERPs were obtained by means o f the Brain Vision 
Analyzer 1.0 software (Brain Products GmbH, Munich, Germany). Clean trials running from 
100 ms pre-target until 600 ms post-target were baseline corrected (baseline period running 
from 100 ms pre-target until target onset), averaged separately for each o f  the four different 
conditions (LCLT, RCRT, BCLT, BCRT) and then filtered (Butterworth Zero Phase Filter,
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High Cutoff 30 Hz, 12 dB/oct.). In order to study differences in attention effects on the N1 
after unidirectional cueing, the main effect o f MT (yes versus no) as well as the three-way 
interaction between MT, HE (electrode PO3 versus electrode PO4) and CC (left versus right) 
were probed on all consecutive time points (steps o f 2 ms) in the time window running from 
160-260 ms after target onset, centered around the peak latency o f the N1. A main effect of 
MT on N1 amplitude would be in line with the effect o f unspecific (i.e., not target location / 
topographically specific) differences in alpha activity between groups, whereas a significant 
three-way interaction -  probing the difference between groups in target location and electrode 
specific N1 modulation -  would be in line with a difference in the degree o f alpha 
lateralization (i.e., target location / topographically specific differences in alpha activity). 
Differences between groups in attention effects on the N1 in the BC condition were probed 
by comparing the amplitude o f the N1 pooled over electrodes PO3 and PO4 and over left and 
right target conditions.
Results
B ehavioral analyses 
Target size
Groups did not differ in the average size o f the target that was presented during the test phase, 
p = .30.
Reaction Times
Unidirectional versus bidirectional cue A main effect o f CC was found, F(1,9) = 67.349,p < 
.001, n2 = .882, with faster RT in the UC condition (mean (SE) 1053.16 (34.7) ms) than in the 
BC condition (mean (SE) 1159.01 (37.2) ms). No main effect o f MT was found, p = .63 and 
no MT x CC was found, p = .84.
Left versus right cue No significant effects o f MT, CC and MT x CC were found (all p-values
> 1).
Hits
Unidirectional versus bidirectional cue A main effect o f CC was found, F(1,9) = 39.229, p < 
.001, n2 = .813, with more hits in the UC condition (mean (SE) 80.97 (1.9) %) than in the BC 
condition (mean (SE) 69.49 (2.0) %). No main effect o f MT was found, p = .79 and no MT x 
CC was found, p = .12.
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Left versus right cue No significant effects o f MT, CC and MT x CC were found (all p-values 
> 1).
Errors
Unidirectional versus bidirectional cue A main effect o f CC was found, F(1,9) = 40.952, p < 
.001, n2 = .820, with more errors in the BC condition (mean (SE) 28.02 (2.1) %) than in the 
UC condition (mean (SE) 17.51 (1.8) %). No main effect o f MT was found, p = .71 and no 
MT x CC was found, p = .11.
Left versus right cue No significant effects o f MT, CC and MT x CC were found (all p-values 
> 1).
Misses
Unidirectional versus bidirectional cue A main effect o f CC was found, F(1,9) = 6.075, p < 
.05, n2 = 403, with more misses in the BC condition (mean (SE) 2.48 (0.3) %) than in the UC 
condition (mean (SE) 1.52 (0.3) %). No main effect o f MT was found, p = .53 and no MT x 
CC interaction was found, p = .97.
Left versus right cue No significant effects o f MT, CC and MT x CC were found (all p-values
> 1).
Frequency analyses
Alpha lateralization after unidirectional cueing
A main effect o f CC was found, F(1,9) = 13.305, p < .01, n2 = 60, showing the sum of the 
alpha lateralization index scores over the time period o f interest to be higher after right 
cueing than after left cueing (see Figure 3 supplemental material), which is in line with the 
findings by Thut et al. (2006). In addition, a significant CC x MT interaction was found, 
F(1,9) = 8.810, p < .05, n2 = 50, showing a larger difference in the sum of alpha 
lateralization index scores between right (mean (SE) 18.99 (.94)) and left (mean (SE) 14.75 
(.57)) cueing in meditators as compared to the difference between right (mean (SE) 18.20 
(.91)) and left (mean (SE) 16.78 (.73)) cueing in controls.
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Figure 3 supplemental material. Development of the alpha lateralization index score (normalized alpha power 
right hemisphere ROI / normalized alpha power left hemisphere ROI) from 250 ms pre-cue -  1000 ms post-cue 
in the LC and RC condition for the mental training and control group is shown.
This difference in alpha lateralization index scores between right and left cueing (right -  left) 
provides an overall measure o f alpha lateralization, integrated over left and right cueing, and 
is shown in figure 2 for both groups. Significantly higher total alpha lateralization index 
scores, p < .05, were found for the mental training group for all time points in the time 
window running from 250-750 ms post-cue and trends toward significant increases were 
found at time points 800, 950 and 1000 ms post-cue. In addition, a trend towards a 
significantly higher maximum value was found for the mental training group, F(1,9) = 2.835, 
p = .06. The time point o f this maximum total value o f alpha lateralization was significantly 
earlier in time for the mental training group, F(1,9) = 3.804, p < .05, n2 = .30.
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Figure 2. Development of the total alpha lateralization index score (alpha lateralization index score after right 
cue -  alpha lateralization index score after left cue) from 250 ms pre-cue -  1000 ms post-cue for the mental 
training (red) and control (blue) group is shown 
* p < .05 for group difference 
f p < .10 for group difference
H em ispheric differences in alpha modulation after unidirectional cueing  
A main effect o f HE on the sum of alpha modulation index scores was found, F(1,9) = 
11.832, p < .01, n2 = 57, showing a higher sum score on the alpha modulation index for the 
right hemisphere (mean (SE) 18.62 (.53)) than for the left hemisphere (mean (SE) 15.63 
(.69)). In addition, a significant MT x HE interaction was found, F(1,9) = 14.629, p < .01, n2 
= .62, showing a larger difference between hemispheres in the sum of alpha modulation index 
scores for the mental training group (see Figure 3). Post-hoc analysis revealed no significant 
difference between groups in the sum of alpha modulation index scores for either the left (p = 
.21) or the right hemisphere (p = .17) separately. No main effect o f MT was found, p = .70. In 
the left hemisphere, significantly lower alpha modulation index scores were found for the 
mental training group for all time points in the time window running from 450-650 ms post­
cue and trends toward significantly lower values were found at time points 400 and 700 ms 
post-cue. In the right hemisphere, significantly higher alpha modulation index scores were 
found for the mental training group at 950 and 1000 ms post-cue and trends toward 
significantly higher values were found at time points from 400 -  550 ms post-cue and at 750
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and 900 ms post-cue. Of note, a significant modulation o f alpha activity was observed for the 
mental training group (300 -  1000 ms post-cue) and control group (600 ms -  800 ms post­
cue) in the right hemisphere, but only for the mental training group (500 -  600 ms post-cue) 
in the left hemisphere.
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Figure 3. A. Development of the alpha modulation index score (normalized alpha power right cue / normalized 
alpha power left cue) from 250 ms pre-cue -  1000 ms post-cue in the ROI of the left hemisphere is depicted for 
both groups B. Development of the alpha modulation index score (normalized alpha power right cue / 
normalized alpha power left cue) from 250 ms pre-cue -  1000 ms post-cue in the ROI of the right hemisphere is 
shown for both groups C. Topographic plot showing the difference in alpha activity modulation between groups 
(meditators -  controls). The time windows on the horizontal axes are running from 250 ms pre-cue until 1000 
ms post-cue. Frequencies in the range from 4-18 Hz are shown along the vertical axes. Color intensities of the 
figure represent values ranging from -1 (blue) until 1 (red).
* p < .05 for group difference 
f p < .10 for group difference
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Reduction o f  alpha activity after bidirectional cue
A main effect o f MT on normalized alpha activity in the BC condition was found, F(1,9) = 
6.419, p < .05, n2 = .416, showing a larger reduction in normalized alpha power in the mental 
training group (mean (SE) 12.9 (2.5)) than in the control group (mean (SE) 15.1 (1.8); see 
Figure 4). Significantly lower levels o f normalized alpha power in the MT group were found 
from 250-350 ms and from 450-950 ms. The larger reduction in normalized alpha power was 
characterized by a strong trend towards a significantly lower minimum value o f normalized 
alpha power, F(1,9) = 3.058, p = .06, n2 = 254, in the mental training group (mean (SE) .63 
(.17)) than in the control group (mean (SE) .76 (.16)). The time point at which the minimum 
value o f normalized alpha power was reached did not differ between groups, p = .355.
Figure 4. Development of bilateral normalized alpha power from 250 ms pre-cue -  1000 ms post-cue in the BC 
condition for the mental training (red) and control (blue) group is shown.
* p < .05 for difference between groups 
f p < .10 for difference between groups
It is interesting to consider the difference in the stability o f normalized alpha power reduction 
between the groups as there is significant reduction (p < .05) in normalized alpha power from 
200 ms until 700 ms post-cue in the mental training group (plus trends toward a significant 
reduction (p-values < .1) from 750-850 ms) and only from 250 -  550 ms post-cue in the
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control group (trend towards a significant reduction only at 600 ms post-cue). Moreover, the 
mean level o f normalized alpha power even increases to a level significantly above baseline 
in the control group from 800-950 ms (see Figure 4), whereas the mean level o f normalized 
alpha power in the meditators remains below the baseline value throughout the whole post­
cue period that was under investigation (250-1000 ms post-cue; values ranging from .64 - 
.94).
Target ERP analyses 
Unidirectional cueing
A main effect o f MT on N1 amplitude was found, with meditators showing an overall 
increased N1 amplitude (see Figure 5). Significant increases in N1 amplitude in the mental 
training group were observed for all consecutive time points in the time windows running 
from 236-240 ms and 254-260 ms and trends toward significant increases (all p-values < .1) 
were found for all consecutive time points in the time windows running from 230-234 ms and 
from 242-252 ms. This aspecific, general increase in N1 amplitude is likely due to the higher 
level o f bilateral alpha activity reduction after unidirectional cueing in meditators (see Figure
4 supplemental material), which shows similarities to the greater reduction in alpha activity in 
the mental training group after bidirectional cueing (Figure 4). Due to the increase in alpha 
lateralization after unidirectional cueing a stronger modulation o f N1 amplitude, depending 
on target location and electrode, was expected for the mental training group. For all 
consecutive time points in the time window from 218-236 ms trends toward significant MT x 
HE x CC interactions were found (all p-values < .1), pointing to a stronger modulation o f N1 
amplitude depending on target location (left versus right) and electrode (PO3 versus PO4). In 
the group o f meditators highest N1 amplitudes were found in the hemisphere contralateral to 
target location (see Figure 5). To our surprise, no significant HE x CC interactions were 
found for the group o f controls during this time window (all p-values > .1).
80
Chapter 4 Neurophysiological correlates of improved attention
Figure 5. Target ERPs for both groups (dashed blue = control, solid red = mental training) in electrodes PO3 
(left hemisphere) and PO4 (right hemisphere) after left and right cueing are shown in the upper left and upper 
right column, respectively. Target onset is at time 0 ms and the time windows run from 100 ms pre-target until 
600 ms post-target. In the lower part of the figure the N1 amplitude in electrodes PO3 and PO4 for left and right 
cueing at 226 ms post-target is shown for both groups.
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T7 C5 C3 Cl Cz C2 C4 C6 T8
Figure 4 supplemental material. The difference (meditators -  controls) in normalized (to baseline level of alpha 
activity at 250 ms pre-cue) alpha activity after unidirectional cueing between groups is shown. Note the larger 
decrease in normalized alpha activity at parieto-occipital electrodes in meditators. The time windows on the 
horizontal axes are running from 250 ms pre-cue until 1000 ms post-cue. Frequencies in the range from 4-18 Hz 
are shown along the vertical axes. Color intensities of the figure represent values ranging from -1 (blue) until 1 
(red).
Bidirectional cueing
Due to the lower level o f normalized alpha activity in the BC condition in the mental training 
group it was hypothesized that an increase in N1 amplitude would be seen in the group of 
meditators. One-sided paired samples T-tests showed significant increases in N1 amplitude 
(all p-values < .05) for all consecutive time points in the time windows running from 206-236 
ms and from 246-254 ms after target onset. In figure 6 the target ERP, pooled over the BCLT 
and BCRT conditions and over electrodes PO3 and PO4, is shown for both groups.
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Figure 6. Target ERPs for both groups (dashed blue = control, solid red = mental training) in the BC condition 
are shown. Data have been obtained by pooling over left and right target condition and over electrodes PO3 and 
PO4. Target onset is at time 0 ms and the time window runs from 100 ms pre-target until 600 ms post-target.
Discussion
Behavioral outcome param eters
The fact that for each behavioral outcome parameter the performance level was higher in the 
UC condition than in the BC condition shows that subjects were (correctly) engaged in the 
task. Due to the individual titration session, the average level o f hits in the UC condition was 
around 80% (mean (SE) 80.97 (1.9) %) and around 70% in the BC condition (mean (SE) 
69.49 (2.0) %), showing the test to be challenging but not frustrating for the subjects. In this 
way the difficulty level was standardized across groups and subjects. Results showed that the 
mental training by MM did not affect the scores on the behavioral outcome parameters in this 
study, as no group differences were found on either RT, percentage o f hits, errors or misses. 
Groups also did not differ in the target size that was used during the test session.
Alpha lateralization after unidirectional cue
In the mental training group a higher level o f total alpha lateralization was seen over the time 
window of interest after the cue. In addition, a trend towards a significantly higher maximum
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value o f total alpha lateralization was seen in meditators and the time point o f this maximum 
was significantly earlier for the meditators. Significantly higher levels o f total alpha 
lateralization were seen for all consecutive time points in the time window from 250 to 750 
ms and trends toward significant increases were found at time points 800, 950 and 1000 ms 
post-cue. Altogether these results consistently point to enhanced alpha activity modulation 
that subserves the orienting o f visuospatial attention in mindfulness meditators. As such, this 
enhancement seems a likely candidate to underlie the increased flexibility in the orienting of 
visuospatial attention that has been associated with the practice o f MM at the behavioral level 
(Hodgins & Adair, 2010; Jha et al., 2007; Van den Hurk et al., 2010a; Van den Hurk et al., 
2011a) and our findings seem to provide the first neural evidence for such behavioral effects.
H em ispheric differences in alpha modulation after unidirectional cueing 
Over the time window of interest an increase in modulation o f alpha activity across 
hemispheres was seen for the MM group. Sum scores o f alpha modulation did not differ 
between groups in either the left or right hemisphere separately, but in both hemispheres 
significant increases in alpha modulation were found in specific time windows for the mental 
training group. Controls showed modulation o f alpha activity only in the right hemisphere, 
whereas meditators showed alpha activity modulation in both hemispheres. The finding that 
controls showed alpha activity modulation only in the right hemisphere might be related to 
the research findings that have suggested a right hemisphere dominance in the orienting of 
visuospatial attention (Brandt, Glasauer, Strupp, & Dieterich, 2009; Foxe, McCourt, & Javitt, 
2003; Macaluso & Frith, 2000). The results from the study by Macaluso and Frith, e.g., were 
in favor o f the view that orientation processing is preferentially associated with the right 
hemisphere. In addition, the right hemisphere has been ascribed the ability to direct attention 
to both sides o f space, whereas the left hemisphere has been found to have a strong orienting 
bias to the opposite side o f space (Weintraub & Mesulam, 1987 ). The fact that meditators 
showed a stronger modulation o f alpha activity across and in both hemispheres reveals that 
the mental training by MM is associated with enhanced modulation o f attention-related alpha 
activity in both hemispheres. This finding might be the result o f improved interhemispheric 
crosstalk during the orienting o f visuospatial attention. For example, there might be a 
stronger interhemispheric inhibition o f the competing hemisphere by the hemisphere 
anticipating the processing o f the stimulus in meditators (Fecteau, Pascual-Leone, & Theoret, 
2006).
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Reduction in alpha activity after a  bidirectional cue
A stronger reduction o f normalized alpha activity during the time window of interest after the 
cue was found for the group o f meditators. In addition, a trend towards a significantly lower 
minimum value o f normalized alpha activity was found in the mental training group. Groups 
did not differ in the time point at which the minimum value was reached. Significantly lower 
values o f normalized alpha activity were found in the time windows running from 250-350 
ms and from 450-950 ms. The reduction in normalized alpha activity was shown to be more 
stable in the group o f meditators as there was significant reduction in normalized alpha 
activity for a longer period o f time after the cue. This pattern o f results suggests that 
meditators are better in allocating attentional resources over a wide range o f spatial locations. 
This finding fits very well with the results from previous studies that also showed an 
improved ability o f meditators in allocating limited, attentional brain resources (Slagter et al., 
2007; Van den Hurk et al., 2010b). Slagter et al. (2007) related MM to a better control over 
visual attentional resources, whereas van den Hurk et al. (2010b) extended this finding by 
showing MM to be associated with an improved allocation o f attentional resources across 
modalities. The fact that the bilateral reduction in normalized alpha activity is considered to 
reflect the allocation o f attentional resources over a wide range o f spatial locations suggests 
that meditators might be better in expanding their scope o f attention. Interestingly, the 
findings that the practice o f meditation is related to increases in positive mood and positive 
emotions (Chesney et al., 2005; Davidson et al., 2003; Jain et al., 2007; Schroevers & 
Brandsma, 2010) and that positive emotions broaden the scope o f attention (Fredrickson & 
Branigan, 2005; Wadlinger & Isaacowitz, 2006) seem in line with this idea.
Attention effects on target ERP
In this study increased modulation o f attention-related alpha activity at parieto-occipital sites 
was associated with enhanced perceptual processing o f the target as reflected by the increased 
N1 amplitude in the MM group. The increase in N1 amplitude in the MM group was seen 
after a unidirectional cue as well as after a bidirectional cue. In addition, in the UC condition, 
a trend towards a significantly stronger target location and electrode dependent modulation of 
N1 amplitude was found in the time window from 218-236 ms for the MM group, which is a 
result that could be expected on the basis o f the increased alpha lateralization in the MM  
group. Altogether, these results are in line with previous research showing alpha modulations, 
linked to the orienting o f visual attention, to predict perceptual ERP components o f target 
stimuli (Gould et al., 2011; Worden et al., 2000) and fit with the idea that pre-stimulus,
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attention-related modulations o f alpha activity at parieto-occipital sites are actively involved 
in shaping forthcoming perception (Romei, Gross, & Thut, 2010).
Lim itations o f  the current study an d  concluding remarks
First, the fact that the study was cross-sectional by nature excludes the possibility to causally 
link the practice o f MM to the improvements in attentional processing. In our view, however, 
it seems plausible that the causal relationship exists, as the training o f attention is a core 
component in the practice o f MM (Teasdale et al., 1995). Moreover, longitudinal research has 
shown similar improvements in the orienting o f attention over the course o f an intensive 
mindfulness training (Van den Hurk et al., 2011a). Second, due to the lack o f differences 
between groups at the behavioral level the neural evidence for improvements in attention 
could not be linked to improved cognitive performance. At this point, it might be interesting 
to consider the results from the study by van den Hurk et al. (2010a). In that study, with the 
attention network test (Fan et al., 2002), meditators were found to respond slower, which is in 
contrast to the results o f our study in which meditators were equally fast. The fact that the 
meditators were equally fast in our study might be due to the enhanced attention-related alpha 
activity modulation, which has been related to reduced reaction time (Thut et al., 2006), 
eliminating the response time difference between groups. In addition, van den Hurk et al. 
(2010a) found a greater efficiency in (attentional) processing in a group o f meditators as 
reflected by a greater probability o f a correct response for equally fast reaction times. The 
finding o f an increased N1 amplitude o f the target ERP in our study might be related to this 
greater efficiency, as it shows an enhanced perceptual processing o f the target which seems 
essential for a greater probability o f a correct response. It would be interesting for future 
studies to investigate whether the practice o f MM is associated with the enhancement o f other 
processing stages o f the target and whether and how these processing enhancements relate to 
the greater efficiency in (attentional) processing that has been found to be associated with 
MM. Taken altogether, the results o f the current study provide compelling and consistent 
evidence for the idea that the mental training by MM is associated with enhancements in the 
neural mechanism underlying the orienting o f visual attention and, more generally, to 
improvements in the allocation o f visual attentional resources.
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Footnotes
1 Time points given here and also in the remaining o f the text on oscillatory analyses reflect 
the time points at which the sliding tapered windows were centered, resulting in the time 
period from cue onset until 1250 ms post-cue to be covered by the sliding tapered windows 
for the frequency o f 8 Hz.
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Chapter 5 
An investigation of the role of attention in mindfulness-based cognitive therapy
Mindfulness-based cognitive therapy (MBCT) has been shown to be efficacious in reducing 
relapse rate and depressive symptoms in patients with recurrent depression. To date, little is 
known about the underlying cognitive mechanisms. We investigated the role o f attention with 
the attention network test in a randomized controlled trial with 34 MBCT patients and 37 
waiting-list control patients. In the MBCT group depressive symptoms and ruminative 
thinking decreased and mindfulness skills increased. However, no differential changes in 
either specific, basal components o f attentional processes (alerting, orienting and executive 
attention) or more general attentional functioning were observed. These results seem to fit in 
the pattern, emerging from recent research findings, that suggests that it might be especially 
the second component o f mindfulness as described by Bishop - a shift towards an attitude 
with more openness and acceptance - that mediates the efficacy o f short-term mindfulness 
interventions.
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Introduction
Over the last decade, mindfulness-based cognitive therapy (MBCT) has been shown to be 
efficacious in reducing relapse rates and depressive symptoms in patients with recurrent 
depression (Kenny & Williams, 2007; Kingston, Dooley, Bates, Lawlor, & Malone, 2007; 
Kuyken et al., 2008; Ma & Teasdale, 2004; Teasdale et al., 2000). MBCT is an 8-week group 
program based on an integration o f elements o f cognitive-behavioral therapy (Beck, Rush, 
Shaw, & Emery, 1979) with the mindfulness-based stress reduction (MBSR) program 
(Kabat-Zinn, 1990). So far, research has mainly focused on the effect o f MBCT on clinical 
outcome variables such as relapse rates and depressive symptoms and only few studies 
investigated (changes in) cognitive processes that could mediate these clinical improvements 
(Kenny & Williams, 2007; Kingston et al., 2007; Ma & Teasdale, 2004; Teasdale et al.,
2000). Therefore, to date, no clear understanding in the underlying mechanism(s) driving the 
beneficial effect o f MBCT has been obtained. To our knowledge, Heeren and colleagues have 
been among the first (Anderson et al., 2007; Chambers et al., 2008; Giommi et al., 2006; 
Heeren, van Broeck, & Philippot, 2009; Jha et al., 2007) to study possible changes in 
cognitive processes related to short-term mindfulness trainings such as MBCT. The aim of 
the study by Heeren et al. (2009) was to examine the role of executive processes on the 
impact o f mindfulness on autobiographical memory specificity. Their results suggested that 
the effects o f mindfulness training on autobiographical memory specificity are mediated by 
executive processes and, further, that effects o f mindfulness training are enhanced by 
cognitive flexibility.
Besides cognitive flexibility, attentional processing seems another cognitive function that 
might play an important role in the efficacy o f MBCT, as attentional training is one o f the 
core practices in the program. The following description o f the mindfulness practice by 
Teasdale et al. (1995, p.33) illustrates the central role o f attention: ”In formal mindfulness 
practice, the student sits quietly in an erect and dignified posture and attempts, non-strivingly, 
to maintain attention on a particular focus, commonly his or her own breathing. When the 
attention wanders from the breath to the thoughts and feelings that inevitably arise, the 
student ‘acknowledges and accepts’ the thoughts or feelings, ‘lets go’ o f them, and gently re­
directs attention back to the breath. This procedure is repeated many times, whenever the 
student notices that the attention has wandered. In informal practice, students apply the same 
general approach as often as possible during the course o f their normal day, bringing the 
attention back to the ‘here and now’, using a focus on the breath as an ‘anchor’, whenever 
they notice that attention has been diverted to streams o f thought, worries, reverie, or general
9G
Chapter 5 Attention training in mindfulness-based cognitive therapy
lack o f awareness”. Given this central focus on the training o f attention during mindfulness 
meditation, one could expect the training to result in improved attentional functioning.
In recent years, the effect o f mindfulness training on attentional processing has been 
investigated (Anderson et al., 2007; Chambers et al., 2008; Chan & Woollacott, 2007a; Jha et 
al., 2007; Moore & Malinowski, 2009; Slagter et al., 2007; Van den Hurk et al., 2010a) and a 
distinction between short-term (like MBCT) and long-term (very intense training for months 
or years o f experience) trainings seems warranted. In studies on the effect o f short-term 
trainings no improvements in specific components o f attention were found (Anderson et al., 
2007; Chambers et al., 2008). On the contrary, the long-term practice o f mindfulness 
meditation has been associated with improvements in attention (Chan & Woollacott, 2007; 
Slagter et al., 2007; Van den Hurk et al., 2010a). For example, in the study by van den Hurk 
et al. (2010a), expert, long-term mindfulness meditators showed a greater efficiency in 
attentional processing. This result was reflected by a lower amount o f errors made by the 
meditators, as compared to matched controls, for responses with equal reaction times. In the 
study by van den Hurk et al. (2010a), meditators also showed improvements in specific, basal 
components o f attention, such as orienting and executive attention. Noteworthy, only healthy 
participants were measured in these studies and, to our knowledge, just one study has been 
done that investigated the effect o f mindfulness training on attention in clinically depressed 
patients (Giommi et al., 2006). Considering the fact that impairments in attentional 
processing are a hallmark in the psychopathology o f depression (Joormann & Gotlib, 2007; 
Koster, De Lyssnyder, Derakshan, & De Raedt, 2010; Merriam, Thase, Haas, Keshavan, & 
Sweeney, 1999), our interest was in whether improvements in attentional processing are seen 
after MBCT in a sample o f recurrently depressed patients. Furthermore, we wanted to 
investigate whether these attentional improvements mediate the efficacy o f the MBCT 
program.
In order to get a comprehensive view o f attentional functioning, the attentional network 
test (ANT) was used (Fan et al., 2002). The ANT probes the functioning o f three separate 
components o f attention: i.e. the alerting, orienting and executive attentional networks. 
Alerting is defined as achieving and maintaining an alert state; orienting is the selection of 
information from sensory input; and executive control is defined as resolving conflict among 
responses (Fan et al., 2002). In addition, overall scores on the ANT provide a more general 
and integrated view o f attentional functioning (Van den Hurk et al., 2010a). The current study 
was embedded in a larger randomized controlled trial comparing MBCT and a treatment as 
usual (TAU) condition in 205 patients with recurrent depression. In order to probe changes in
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depressive symptoms, severity o f rumination and mindfulness skills, by means o f  
questionnaires, depression, rumination and mindfulness skills scores were obtained.
In line with the results from van den Hurk et al. (2010a), we predicted to find 
improvements in orienting and executive attention. This would be shown by decreased 
orienting and executive attention network scores for the MBCT group after treatment. In 
addition, we expected to find greater improvements in overall attentional processing for the 
MBCT group. In accordance with previous studies (Kenny & Williams, 2007; Kingston et al., 
2007; Michalak, Heidenreich, Meibert, & Schulte, 2008), we predicted to find decreased 
depression and rumination scores and increased mindfulness scores for the MBCT group, 
which would show the efficacy o f the MBCT program. Finally, we hypothesized that the 
improvements in attentional functioning would mediate the efficacy o f the MBCT program.
Method
Participants
This study was part o f a larger clinical randomized controlled study comparing MBCT (+ 
TAU) and a TAU condition in patients with recurrent depression (Van Aalderen et al., 2011). 
Patients were recruited by media announcements or referred by their general practitioner or 
mental health care professional. Patients with three or more previous depressive episodes 
according to DSM-IV criteria (APA, 2000) were eligible for the study. Patients with a hypo- 
manic or manic episode, psychotic symptoms or severe substance abuse were excluded. A  
random subset (n = 142) o f the initial study population (n = 205) was asked to participate in 
the attention network test (ANT; described in detail below) and 50% of this subset (n = 71) 
agreed upon participation in the experiment. With respect to age, gender, baseline level of 
depression and depression diagnosis the group o f subjects that agreed upon participation was 
representative for the whole group o f subjects that was studied and did not significantly differ 
from the subset that was asked to participate. The MBCT group consisted o f 34 patients 
(mean (SD) age 49.8 (12.2), range 24 -  84 years, 11 male), whereas the control group (TAU  
condition) consisted o f 37 patients (mean (SD) age 49.2 (10.0), range 32 -  71 years, 9 male). 
Sixteen patients (47%) in the MBCT group and 17 patients (46%) in the control group had 
prior experience with meditation. Twenty-two patients (65%) in the MBCT group and 25 
patients (68%) in the control group took medication at the start o f the treatment. Groups did 
not differ on age, t (69) = .208, p = .836; gender %2 (1) = .564, p = .45; meditation experience 
X2 (1) = .009, p = .93; or medication intake at start o f treatment j l  (1) = .006, p = .94. Of
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note, 15 subjects in the TAU group and 11 subjects in the MBCT group were at baseline 
diagnosed with a current depression according to DSM-IV axis I Disorders criteria (NS). No 
significant difference between groups was present regarding the number o f subjects 
diagnosed with a current depression, %2 (1) = .512, p = .47. Scores on the ANT were not 
affected by depression diagnosis (all p-values > .1), except for the error score data o f the 
orienting network for which a group (MBCT vs. TAU) x depression diagnosis (no current 
depression vs. current depression) interaction was found, F(1,56) = 4.491, p < .05. The size of 
this effect was marginal, n2 = 07.
Procedure
At first contact, patients were asked to sign an informed consent form. Patients were 
requested to keep their antidepressant medication stable for the duration o f the study and to 
refrain from any additional psychological treatment. After being assessed for suitability, 
participants were randomized into either the MBCT group or the TAU condition. 
Randomization was stratified for Hamilton (HRSD) depression scores o f lower than 10 or of 
10 or higher (Hamilton, 1960).
All participants were asked to fill out a number o f self-report questionnaires before 
completing the ANT. Assessments took place directly before and after the training/ 3-months 
control period Afterwards, MBCT was also offered to patients in the TAU condition.
Intervention
MBCT was offered according to the protocol developed by Segal, Williams, and Teasdale 
(Segal, Williams, & Teasdale, 2002). It consisted o f 8 weekly sessions o f 2.5 hours each, 
with an all-day retreat between the 6th and 7th session. The MBCT training was taught by 
three different trainers (one male, two female). One o f the teachers was a consultant 
psychiatrist and cognitive behavioral therapist with 5 years o f meditation experience, 4 years 
experience guiding MBCT groups who trained at the Insight Meditation Society (IMS; Barre, 
MA, USA). Another teacher was an occupational therapist with 26 years o f meditation 
experience and 1.5 years experience guiding MBCT groups. The other teacher is a clinical 
psychologist with 21 years o f meditation experience and 3 years experience guiding MBCT 
groups. The groups consisted o f up to 15 participants each.
M easures
Hamilton Rating Scale for Depression (HRSD)
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The HRSD (Hamilton, 1960) was used to assess depressive symptoms. The HRSD is a 17- 
item interview-based measure, widely used in clinical care. The Dutch version o f the HRSD 
has shown good internal consistency, Cronbach’s a = 0.82 (Hermans, van Ree, Betgem, & 
Westenbrink, 1981).
Rumination on Sadness Scale (RSS)
The level o f rumination was measured with the RSS (Conway, Csank, Holm, & Blake, 2000). 
The RSS is a self-report questionnaire measuring ruminative response to depressed mood on 
13 items, scored on a 5-point Likert-type o f scale. The Dutch translation o f the RSS by Raes 
and colleagues showed good psychometric properties, Cronbach’s a = 0.84 (Raes, Hermans, 
& Eelen, 2003).
Kentucky Inventory o f Mindfulness Skills (KIMS)
The Dutch version o f the KIMS (Baer, Smith, & Allen, 2004) was used to measure levels of 
mindfulness skills. This questionnaire consists o f 39 items measuring four domains 
(observing, act-with-awareness, describing, and accepting-without-judgment), consistent with 
four o f the five mindfulness facets as identified by Baer et al. (Baer, Smith, Hopkins, 
Krietemeyer, & Toney, 2006). Participants indicated their responses on a Likert-type scale 
from 1 ((almost) never) to 5 ((almost) always). A comparable Dutch version o f the KIMS has 
shown good psychometric properties, Cronbach’s a = .77 -  .91 for the different subscales 
(Dekeyser, Raes, Leijssen, Leysen, & Dewulf, 2008) and has been shown to be applicable in 
clinical populations (Baum et al., 2010).
Attentional Network Test
Subjects were seated in front o f a computer screen at a distance o f 65 cm. Stimuli were 
presented and responses were collected with Presentation software (version 10.1 
Neurobehavioral Systems, Albany, USA). Subjects were instructed to respond as fast and as 
accurately as possible to a target stimulus that was presented in the center o f a horizontal row 
with five stimuli (Figure 1C). The target stimulus was an arrow pointing either to the left or 
to the right and was flanked by two flanker stimuli on each side. Subjects were instructed to 
press the left mouse button with their left thumb or the right mouse button with their right 
thumb as fast as possible when the target arrow pointed to the left or right, respectively. The 
four surrounding flanker stimuli were all arrows pointing in the same or the opposite 
direction o f the target stimulus or were just neutral stripes. The condition in which all five
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arrows pointed in the same direction was called the congruent target condition. The condition 
in which the flanker arrows pointed in the direction opposite to the target arrow was named 
the incongruent target condition. The condition when the four flanker stimuli were stripes 
was called the neutral target condition. The target stimulus and the flanker stimuli were 
presented at a visual angle o f 1.1 ° above or below a fixation cross presented in the middle o f  
the screen.
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Figure 1. A) During a variable interval (VI = 400 - 1 600 ms) a central fixation cross is presented and the subject 
is instructed to look at it. Then a cue can be presented for 100 ms. In part B the four cue conditions are shown: 
No Cue, Central Cue, Double Cue, and Spatial Cue. After presentation of the cue, a central fixation cross is 
shown and is followed by the target stimulus. In part C the three different target configurations are depicted: the 
Neutral, Congruent and Incongruent target configurations. The target is depicted until the subject responds with 
a maximum of 1 700 ms. If the reaction time (RT) is shorter than 1 700 ms, the stimulus is replaced by the 
central fixation cross.
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The target stimulus could be cued in four different ways (see Figure 1B). In the first 
cueing condition, an asterisk was presented at the location o f the fixation cross (= center cue 
condition) and the target configuration was presented above or below the center o f the screen, 
with equal probability. In the second cueing condition, two asterisks were presented (= 
double cue condition); the two asterisks were presented at the fixed locations o f 1.1 ° of 
visual angle above and below the center o f the screen. Since the cue appeared 500 ms before 
target onset (see Figure 1A), the cue provided information on the timing o f the target 
stimulus. In the third cueing condition, an asterisk was presented at the future location o f the 
target stimulus above or below the center o f the screen (= spatial cue condition). In this case, 
subjects were informed both on the timing and the location o f the target configuration. In the 
fourth cueing condition, no cue was given and, as a consequence, participants had no 
information about the timing and the location o f the upcoming target symbol.
The attention network test consisted o f one training block with 24 trials and three test 
blocks with 96 trials each. After the first and second block, participants took a short break, 
before starting the next block o f the attention network test. A single trial consisted o f the 
following: during a variable interval (VI, see Figure 1A), ranging from 400 - 1 600 ms, a 
fixation cross was presented in the middle o f the screen. Then, depending on the cue 
condition, a cue could be presented for 100 ms. Thereafter, a central fixation cross was 
presented for 400 ms, followed by the target stimulus, which was presented for 1 700 ms, or 
shorter if  a response was given within 1 700 ms. Finally, a fixation cross was presented 
during a variable delay. The length o f this delay was determined by subtracting the reaction 
time (RT) plus 400 ms from the constant trial duration that was 3 500 ms (Figure 1A). All 12 
combinations o f cueing (4) and target (3) conditions were presented in random order within 
each block. Both RT and error scores (ES; percentage o f incorrect responses) were measured 
for each condition.
Attention Networks Calculations and Analyses
For each subject, all RT o f correct responses o f a specific condition outside the range o f the 
mean RT ± 2SD of that specific condition and RT shorter than 100 ms were excluded from 
analysis. Then, the average RT for each o f the 12 conditions (4 cue conditions x 3 target 
conditions) was recalculated. Determination o f the network effects was based on these RT 
data. ES o f the 12 conditions were calculated by dividing the number o f incorrect responses
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by the total number o f responses for the specific condition and multiplying this number by 
100.
To calculate the alerting network effect mean RT and ES o f the double cue condition 
were subtracted from the mean RT and ES o f the no cue condition. In such a way, the 
potentially beneficial effect o f an alerting cue on RT and ES was probed. The orienting 
network effect was calculated by subtraction o f the mean RT and ES o f the responses in the 
spatial cue condition from the mean RT and ES o f the responses in the center cue condition. 
This allowed us to probe the beneficial effect o f spatial information, in addition to timing 
information. The executive network effect was calculated by subtracting the mean RT and ES 
in the congruent target condition from the mean RT and ES in the incongruent target 
condition. In this way, the advantage o f congruence over incongruence in the target condition 
was determined. Mean RT and ES o f the three target conditions were averaged to calculate 
the orienting and alerting network effects, whereas mean RT and ES o f the 4 cueing 
conditions were averaged to calculate the executive network effect. Normalized network 
effects were determined by dividing the raw network effect by the mean o f the two conditions 
involved in the calculation o f the network effect. (Raw effect: R = R T a -  R T b ; Normalized 
effect: N  = R/(( R T a + R T b) /2) with R T x representing mean RT for condition x )1. For all 
group data, subject scores outside the range o f the mean ± 2SD of that group were removed 
from analysis.
Statistical analyses
Depression, rumination and mindfulness skills scores
ANCOVAs were run to test whether groups differed on depressive symptoms, rumination 
and mindfulness skills on the post-measurement. Group (MBCT versus TAU) was the 
between-subject factor o f interest and either depression, rumination or mindfulness was the 
dependent variable. In addition, either depression, rumination or mindfulness on the pre­
measurement was entered as a covariate in the analysis to correct for possible differences 
between groups on these measures.
Attention network scores
ANCOVAs were run to test whether groups differed on ANT network scores (expressed in 
normalized RT and ES) at the post-measurement. One o f the ANT networks was the 
dependent variable and group (MBCT versus TAU) was the between-subject factor of 
interest. In addition, Hamilton and attention network score o f the pre-measurement were
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entered as covariates in the analysis to correct for possible differences between groups on 
these variables.
Overall attentional processing
Logistic regression analyses on overall data (all conditions combined) were run to test 
whether groups differently changed over time on more general, integrated attentional 
performance (see Van den Hurk et al. (2010a) for more details on the logistic regression 
analysis). In the first logistic regression analysis the dependent variable was response (correct 
versus incorrect) and the predictors were time (pre versus post), group (MBCT versus TAU) 
and RTcen. RTcen is a variable o f which the scores were obtained by a transformation o f the 
variable RT. Each RT score was recalculated into a RTcen score by subtracting the overall 
mean RT score from this score. As such a new RTcen distribution was obtained with a mean 
RTcen score o f zero. Because o f this transformation, the outcomes o f the logistic regression 
analyses show effects for the overall mean RT (instead o f an RT o f zero) and as such 
meaningful interpretations o f the outcomes o f the regression analysis were allowed for. In the 
second logistic regression analysis the dependent variable was response (yes versus no) and 
the predictors were time and group.
Results
D epression, rumination an d  mindfulness skills scores
ANCOVA of HRSD post-scores showed a significant difference between groups, F(1,68) =
9.26, p < .01. MBCT participants showed lower depression scores than controls on the post­
measurement when corrected for differences in HRSD pre-scores (see Figure 2). In line with 
the relief o f depressive symptoms, ANCOVA of rumination post-scores showed significantly 
lower rumination scores for the MBCT group after treatment, F(1,67) = 13.21, p < .01. 
Finally, the MBCT patients scored higher on the observe, F(1,68) = 23.95, p < .001, describe, 
F(1,68) = 4.64, p < .05, act-with-awareness scale, F(1,68) = 30.01, p < .001, and accept- 
without-judgment scale, F(1,68) = 17.28, p < .001 after treatment (see Figure 3). We saw no 
differences between trainers in clinical outcomes.
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Figure 2. Depression (HRSD) and rumination (RSS) data of both groups, MBCT (+TAU) versus control (TAU), 
of the pre- and post-measurement. Error bars indicate 95% confidence intervals (CI). ANCOVA showed the 
MBCT group to have significantly lower depression and rumination scores after treatment when corrected for 
differences in scores on either HRSD or RSS on the pre-measurement, respectively.
Figure 3. Scores on the mindfulness factors observe, describe, act-with-awareness and accept-without-judgment 
of both groups, MBCT (+TAU) versus control (TAU), on the pre- and post-measurement. Error bars indicate 
95% confidence intervals (CI). ANCOVA showed the MBCT group to have significantly higher scores for all 
mindfulness skills after treatment when corrected for differences in scores on the pre-measurement.
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Attention Networks analyses  
Normalized RT scores
None o f the ANCOVAs o f normalized RT data o f the attentional networks on the post­
measurement showed a significant difference between groups: for alerting, F(1,60) = .837, p 
= .36, for orienting, F(1,59) = .086, p = .77 and for executive attention, F(1,59) = .312, p = 
.58 (see Figure 4).
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Error scores
None o f the ANCOVAs o f ES data o f the attentional networks on the post-measurement 
showed a significant difference between groups: for alerting, F(1,63) = .735, p = .39, for 
orienting, F(1,58) = .28, p = .60 and for executive attention, F(1,62) = 1.012, p = .32 (see 
Figure 5).
Figure 4. Normalized RT data of both groups, MBCT (+TAU) versus control (TAU), for the alerting, orienting 
and executive attention network of the pre- and post-measurement. Error bars indicate 95% confidence intervals 
(CI). For all networks, ANCOVA showed no difference between groups in attention network scores on the post­
measurement when corrected for differences in attention network and Hamilton scores on the pre-measurement.
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Figure 5. Error score data (%) of both groups, MBCT (+TAU) versus control (TAU), for the alerting, orienting 
and executive attention network of the pre- and post-measurement. Error bars indicate 95% confidence intervals 
(CI). For all networks, ANCOVA showed no difference between groups in attention network scores on the post­
measurement when corrected for differences in attention network and Hamilton scores on the pre-measurement.
O verall attentional perform ance  
Number o f correct and incorrect responses
The first logistic regression analysis was run to test whether overall attentional performance 
(expressed in terms o f accuracy o f response) o f the MBCT group differently changed over 
time as compared to the control group. A  significant Group (MBCT versus TAU) x  Time (pre 
versus post) interaction would show this to be the case. In order to optimize the regression 
analysis for testing the significance o f the Group x Time interaction, the other terms RTcen, 
Time, RTcen x Time, Group, Group x RTcen and Group x RTcen x Time were included. As 
expected, RTcen was a significant predictor, P = .012, p < .001, Exp(B) = 1.012. No 
significant Group x Time interaction was found, p = .26, so the MBCT group did not show a 
different change in overall attentional processing over time.
Number o f responses and misses
The second logistic regression analysis was run to test whether overall attentional 
performance (expressed in terms o f the chance o f a response/miss) o f the MBCT group
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differently changed over time. A significant Group (MBCT versus TAU) x Time (pre versus 
post) interaction would show this to be the case. In order to optimize the regression analysis 
for testing the significance o f the Group x Time interaction, the other terms Time and Group 
were included. Neither Time, p = .65, nor Group, p = .39, nor the Group x Time interaction, p 
= .48, was a significant predictor. Thus, these results - the terms Group, Time and Group x 
Time not being significant predictors - showed that both groups did not differ from each other 
and did not (differently) change over time with respect to the number o f misses, respectively. 
In summary, when either the accuracy o f the response or the chance o f a miss was 
considered, the MBCT group did not show a different change over time as compared to the 
TAU group.
Discussion
The aim of this study was to investigate whether attentional improvements are seen after 
MBCT in a sample o f recurrently depressed patients and whether these improvements in 
attention mediate the efficacy o f the MBCT program. The results show reductions in 
depressive symptoms and ruminative thinking and an increase in mindfulness skills after 
MBCT. These clinical results are in line with previous studies that also showed lower 
depression and rumination scores and increased mindfulness skills after a short-term 
mindfulness intervention (Anderson et al., 2007; Giommi et al., 2006; Kenny & Williams, 
2007; Kingston et al., 2007) and point to the efficacy o f MBCT for recurrently depressed 
patients. Contrary to the clinical improvements, no differential changes in either specific, 
basal components o f attention (alerting, orienting and executive attention) or in more general, 
integrated attentional processing were seen.
The finding o f no improvements in specific components o f attentional processing in our 
study is in line with the results obtained in other studies, involving non-clinical participants, 
that also did not show improvements in specific, basal components o f attentional functioning 
after a short-term mindfulness training (Anderson et al., 2007; Chambers et al., 2008). To our 
knowledge, only in the study by Jha et al. (2007) a short-term mindfulness training (MBSR) 
was associated with a change in a specific component o f attentional processing (Jha et al., 
2007), however limited to the orienting o f attention. Long-term mindfulness practices, on the 
other hand, have consistently been associated with improvements in specific, basal 
components o f attentional processing (Chan & Woollacott, 2007; Moore & Malinowski, 
2009; Valentine & Sweet, 1999; Van den Hurk et al., 2010a). In these studies, subjects had
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significantly more meditation experience than the amount that can be acquired during either 
the eight weeks o f MBCT, MBSR, or short-term mindfulness retreats. The larger amount of 
meditation experience in these studies might explain the improvements in basal components 
of attentional functioning, suggesting that such improvements might only be expected after 
extended periods o f training in both non-clinical and clinical samples. Further research is 
needed to investigate whether long-term mindfulness training can improve attentional 
processing in clinical samples.
On the other hand, when a more general, integrated level o f attentional functioning 
was investigated, changes have been seen after both short-term (Anderson et al., 2007; 
Chambers et al., 2008) and long-term (Slagter et al., 2007; Van den Hurk et al., 2010) 
mindfulness trainings. Chambers et al. (2008) and Anderson et al. (2007) found changes in 
the overall performance on attention tasks -  as for example reflected by information 
processing speed -  after short-term mindfulness trainings, whereas Slagter et al. (2007) and 
van den Hurk et al. (2010a) found similar improvements after long-term trainings. The 
outcome o f the object detection task in the study by Anderson et al. led them to suggest that 
mindfulness may be more closely associated with changes in the ‘quality o f awareness of 
present moment experience’ than with changes in specific, basal components o f attentional 
functioning (Anderson et al., 2007). In the present study, participation in an MBCT course 
was not associated with a differential improvement in more general, integrated attentional 
functioning as measured with the ANT. The lack o f finding a differential improvement in 
overall attentional processing is in contrast with the findings o f Chambers et al. (2008) and 
Anderson et al. (2007). We speculate that the ANT might not be the appropriate task to probe 
changes in overall attentional processing similar to those found by Chambers et al. (2008) 
and Anderson et al. (2007). Furthermore, the fact that the studied sample consisted of 
recurrently depressed patients might be a good alternative explanation, as only healthy 
subjects were tested in the studies by Chambers et al. (2008) and Anderson et al. (2007).
Altogether, the results of our study seem to rule out the possibility that improvements in 
attentional functioning mediate the efficacy o f MBCT for recurrently depressed patients. At 
this point, it might be meaningful to consider the operational definition of mindfulness as 
proposed by Bishop et al. (Bishop et al., 2004). In their seminal paper, the psychological 
construct o f mindfulness was conceptualized to consist o f two components: the first 
component involves the self-regulation of attention so that it is maintained on immediate 
experience, thereby allowing for increased recognition of mental events in the present 
moment. The second component involves adopting a particular orientation toward one’s
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experiences in the present moment, an orientation that is characterized by intentional 
curiosity, openness, and acceptance. As the first component seems closely related to the 
measurements o f attentional functioning in our study, it seems that it might be mostly the 
second component that has a mediating role in the efficacy o f MBCT.
The suggestion that it might be the second component o f mindfulness that is responsible 
for the positive clinical changes seems supported by the results o f the study by Kohls et al. 
(2009). Their findings suggested heuristic value in a two-factorial mindfulness construct, 
consisting o f a ‘presence’ and an ‘acceptance’ factor and showed that the negative association 
between mindfulness and depression was completely due to the acceptance factor (Kohls, 
Sauer, & Walach, 2009). In line with the findings by Kohls et al. (2009), MBCT participants 
in our study also showed increases in mindfulness skills such as accept-without-judgment. 
Interestingly, the ability to accept-without-judgment was found to mediate the relationship 
between participation in MBCT and reduction o f depressive symptoms in the total sample of 
recurrently depressed patients that was studied (Van Aalderen et al., 2011). Furthermore, in 
the study by van den Hurk et al. (2011e) mindfulness meditators, as compared to matched 
controls, were suggested to have a stronger bias to positive stimuli and a reduced reaction 
time to negative stimuli, whereas Verhoeven and others (2011) found improved performance 
of recurrently depressed patients on the emotional Stroop task after MBCT. Both these 
studies seem to provide support for the idea that changes in the (emotional) bias o f attention 
and emotional reactivity (both related to the second component), rather than changes in the 
functioning o f basic attentional components per se, might have a mediating role in the 
efficacy o f MBCT for patients with recurrent depression. In addition, recent research on 
depression has proposed impaired disengagement o f attention to be central to the 
psychopathological mechanisms involved in depression, linking attention, rumination and 
clinical depression. It is o f interest to note that in this framework, depression seems 
characterized by valence-specific impaired attentional control and that brooding - the more 
pathogenic aspect o f rumination - has been correlated particularly with valence-specific 
inhibitory deficits. As such, the second component o f mindfulness, fostering decreased 
emotional reactivity and improved attentional disengagement, appears a candidate therapeutic 
factor able to specifically target this psychopathological mechanism. Further research is 
needed to investigate this hypothesis.
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Concluding remarks
Altogether, the results o f the present study suggest that improvements in attentional 
processing, observed after long-term mindfulness trainings, are not seen after a short-term 
training (MBCT) in a clinical sample o f recurrently depressed patients. These findings 
suggest that the clinical improvements, seen after MBCT, are not primarily mediated by 
improvements in the self-regulation o f attention (i.e., the first component o f mindfulness 
according to Bishop et al. (2004)). Together with recent, converging research findings they 
suggest that it might be mostly the second component o f mindfulness according to Bishop et 
al. (2004) -  related to the emotional bias o f attention and emotional reactivity - that mediates 
the efficacy o f MBCT for recurrently depressed patients. It would be interesting for future 
research to inquire this hypothesis more deeply and to explore whether this hypothesis can be 
generalized to mindfulness-based interventions for other clinical samples.
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Footnotes
1 Normalized network data were calculated by dividing the absolute network effect by the 
mean RT of the two conditions used to calculate the network effect. See Wang et al. for 
similar analyses o f RT network scores (Wang et al., 2005).
2 With specific, basal components o f attentional processing the specific attentional functions 
of alerting, orienting and executive attention are referred to, whereas with more general, 
integrated attentional processing the overall performance in attention tasks is meant.
3 For a further elaboration on these clinical and mindfulness skills data, please see the study 
by van Aalderen et al. (2011).
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Chapter 6 
Mindfulness meditation associated with changes in response bias: a study on the 
recognition of emotional facial expressions
In this study it was investigated whether mindfulness meditation is associated with a change 
in the processing o f emotional information. Experienced mindfulness meditators and age-, 
gender-and ethnicity-matched controls were compared in an affective go/no-go task involving 
facial expressions. Mindfulness meditation was associated with i) less additional processing 
time for fearful versus neutral faces, and ii) a greater tendency to respond to happy versus 
fearful faces. These findings provide preliminary evidence to suggest that mental training by 
mindfulness meditation might modify emotional information processing biases in a positive 
direction. As such, the results might point to a change in cognitive-emotional processing that 
mediates the clinical effectiveness o f mindfulness-based interventions.
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Introduction
Biases in processing emotional information have been shown across a range o f psychological 
tasks, stimuli and samples (Erickson et al., 2005; Fox et al., 2000; Ito, Larsen, Smith, & 
Cacioppo, 1998; Kaplan et al., 2006; Kirita & Endo, 1995; Leppanen, Tenhunen, & Hietanen, 
2003; Murphy et al., 1999). In healthy subjects the processing o f information can be biased 
towards positive information (Fox et al., 2000; Kirita & Endo, 1995; Leppanen et al., 2003), 
whereas in patients suffering from anxiety and depression an attentional bias towards 
processing negative information has been found (Bar-Haim et al., 2007; Erickson et al., 
2005; Mathews & MacLeod, 2002; Mogg & Bradley, 2005). Importantly, these biases 
towards processing negative information have been shown to causally mediate emotional 
vulnerability and it has been suggested that cognitive-experimental procedures designed to 
modify selective information processing may have potential therapeutic value (Gotlib & 
Joormann, 2010; MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002).
Over the last few decades, the implementation o f the practice o f mindfulness 
meditation (MM) in clinical programs - such as the mindfulness-based stress reduction 
program (MBSR) and mindfulness-based cognitive therapy (MBCT) - has shown promising 
results with improvements on a wide variety o f psychological, somatic and psychosomatic 
illnesses (Kabat-Zinn, 2003). In short, the practice o f MM consists o f the repeated 
reallocating o f attention from arising thoughts, feelings, and other mental objects to 
(commonly) the breathing (Teasdale, Segal, & Williams, 1995). In healthy subjects, the 
practice o f MM has been related to increases in positive mood states, improvements in 
immune function and more efficient neural processing (Davidson et al., 2003; Jain et al., 
2007; Slagter et al., 2007; Van den Hurk et al., 2010a), among others. Yet, to our knowledge, 
little is known about the cognitive mechanisms that mediate the clinical improvements o f the 
mindfulness-based programs. Inspired by the suggestion that modifying selective information 
processing may have potential therapeutic value (Gotlib & Joormann, 2010; MacLeod et al.,
2002), we were interested in the question whether the clinical effectiveness o f mindfulness 
based programs might be mediated by changing the bias in processing emotional information. 
In order to investigate whether MM is associated with a change in the processing of 
emotional information, experienced mindfulness meditators were compared to age-, gender-, 
and ethnicity-matched healthy control subjects in the recognition o f emotional facial 
expressions.
In healthy subjects, the processing o f emotional facial expressions has been shown to 
be biased in a positive manner (Fox et al., 2000; Kirita & Endo, 1995; Leppanen et al., 2003).
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That is, subjects are typically fond to respond more slowly to negative facial expressions 
(Hare, Tottenham, Davidson, Glover, & Casey, 2005; Kirita & Endo, 1995; Leppanen et al.,
2003) and display an increased tendency to respond to positive instead o f negative facial 
expressions (Hare et al., 2005). Biases in the processing o f emotional facial expressions may 
reflect a general effect o f mood, a factor that is well known for its potential to bias emotional 
processing in positive and negative directions (Bar-Haim et al., 2007; Feyereisen, Malet, & 
Martin, 1986; Mathews & MacLeod, 2002; Mogg & Bradley, 2005).
For our study on emotional facial expression recognition, we selected the affective 
go/no-go task that was used by Hare et al. (2005). This task clearly revealed the bias towards 
processing positive information for a group o f control subjects, as shown by the longer 
reaction time (RT) to negative (fearful) faces as well as the higher percentage o f false alarm 
(PFA) to positive (happy) faces. We predicted that the practice o f MM - related to higher 
positive mood states (Davidson et al., 2003; Jain et al., 2007) - would be associated firstly, 
with a greater tendency to respond to positive facial expressions (i.e., more false alarms), and, 
secondly, with an increase in processing time (i.e., RT) for negative facial expressions. 
Results in line with these predictions would relate MM to a stronger bias for processing 
positive emotional information and would point to the possibility that alterations in cognitive- 
emotional processing may lie at the basis o f the clinical effectiveness o f mindfulness-based 
programs.
Method
Participants
A total o f 20 experienced mindfulness meditators (mean age 48.1, SD 9.0, range 31-60 years; 
9 male; all Caucasian) and 20 age-, gender-, and ethnicity-matched control subjects (mean 
age 48.1, SD 9.2, range 30-60 years; 9 male; all Caucasian) participated in the study. 
Mindfulness meditators were recruited by sending invitation letters to MM centers in the 
Netherlands and control subjects were recruited by selecting subjects that matched one o f the 
meditators on age (± 2 years), gender and ethnicity and had no experience with the practice of 
any form o f meditation. The mean level o f MM experience in the MM group was high (mean 
period was 14.5 years, SD 11.1, range from 3 months to 35 years). Regular MM practice 
varied from 60 to 420 minutes each week. MM is composed o f both concentration meditation 
(samatha) and insight (vipasyana) meditation. During samatha meditation the practitioner is 
trained to maintain focus on an object for a theoretically unlimited period o f time, whereas
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during vipasyana meditation a typical kind o f meta-awareness is trained. None o f the 
participants had any known psychological or neurological deficits. They all had normal or 
corrected-to-normal vision. A signed informed consent form was obtained from each 
participant before the experiment. The study has been conducted according to the principles 
expressed in the Declaration o f Helsinki.
Procedure
All subjects had to perform in the affective go/no-go task, as well as in a task probing 
attentional processing (results o f the latter study have been published in another paper). The 
order o f experimental tasks was counterbalanced. Before the test session started, control 
subjects were asked to relax for 10 minutes in the experimental room, whereas the 
mindfulness meditators were asked to meditate for 15 minutes.
Affective Go/N o-go task
Participants were seated in front o f a 19-inch computer screen at a distance o f 65 cm. Stimuli 
were presented and responses were collected with Presentation software (Version 10.1 
Neurobehavioral Systems, Albany, USA). Participants viewed 6 blocks in which 70 faces 
belonging to the go category and 30 faces belonging to the no-go category were presented in 
a pseudo-random order. In each block, faces with expressions o f two out o f three categories 
of facial expressions - i.e., happy, neutral and fearful - were presented and denoted as 
belonging to either the go or no-go category. For example, in one block faces with a happy 
expression could belong to the go category, whereas faces with a fearful expression could 
belong to the no-go category. Across six blocks, all combinations o f two different categories 
of facial expressions, each defined as either the go or no-go category, were shown. Subjects 
were instructed to press the response button on the mouse as fast as possible when having 
seen an expression belonging to the go category and were asked to withhold responses to the 
expression belonging to the no-go category. The order o f blocks was counterbalanced across 
the two groups. The current study used a design similar to Hare and colleagues (2005), in 
which each trial lasted 2500 ms, starting with the presentation o f a face stimulus for 500 ms, 
which was followed by a blank screen with a black fixation cross in the center. A single 
block, consisting o f 100 trials, lasted for about 4 minutes. In between blocks, subjects were 
given time to pause and could press the mouse button to start with the next block when they 
felt ready. In total, the mean duration o f the experiment was about 25 minutes.
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Face stimuli
The same face stimuli as in the experiment by Hare et al. (2005) were used, which consisted 
o f gray-scaled fearful, happy, and neutral expressions from 12 individuals (6 female; The 
identities o f the faces used were numbers: 6, 8, 11, 14, 15, 16, 27, 36, 39, 43, 44, and 45) 
taken from the NimStim set available at www.macbrain.org. Four models (two female) were 
used from each o f the following races: African American, Asian, and Caucasian. All images 
were normalized for size and luminance.
D ata analysis
For each o f the three categories o f facial expressions, the mean reaction time (RT) in the two 
blocks in which that category was defined as the go category was determined; and this for 
each subject. The mean RT within these blocks was obtained by calculating the mean RT 
after removing RTs longer than or shorter than the mean RT plus or minus 2 SD, and RTs 
shorter than 100 ms. Averaging these RTs (without outliers) o f the two blocks yielded an 
overall mean RT of responses to faces belonging to that category o f facial expressions. 
Likewise, for each category o f facial expression, the percentage o f false alarms (PFA) was 
determined for the two blocks in which that category was defined as the no-go category. The 
PFA was calculated by dividing the number o f responses to the no-go faces (i.e., false alarms) 
by the total number o f no-go faces that was presented during that block and multiplying this 
ratio by 100. At the group level, data values outside the range o f the group mean ± 2 SD were 
removed from analysis.
By means o f repeated-measures ANOVA of the control group data, with facial 
expression (happy, neutral and fearful) as within-subject factor and either RT or PFA as 
dependent variable, it was investigated whether biases -  to be expected on the basis of 
previous research - were present, thereby testing the validity o f the experimental design. By 
means o f repeated-measures ANOVA, with meditation experience (yes vs. no) and facial 
expression (happy, neutral and fearful) as independent variables and either RT or PFA as 
dependent variable, main effects o f meditation experience and interaction effects between 
meditation experience and facial expression were studied. Although one might argue that 
interactions between meditation experience and facial expression should only be expected for 
a limited number o f facial expression categories, we, nonetheless, included all categories o f  
facial expression in both the repeated-measures ANOVAs (for RT and PFA data, 
respectively). In this (rather conservative) way, we could obtain a complete overview o f  
response patterns o f both groups to all categories o f facial expressions. Because o f the well-
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known relationship between age and RT and the matching o f subject-pairs on age, meditation 
experience was entered as within-subject factor when RT was the dependent variable. When 
PFA was the dependent variable, meditation experience was entered as between-subject 
factor.
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Results
R T  data
Repeated-measures ANOVA o f control group data showed a main effect o f facial expression, 
F(2,16) = 9.576, p < .01, = .55. Repeated contrasts showed significantly longer RT to 
fearful as compared to happy faces, F(1,17) = 6.517, p < .05, = .28 and no significant 
difference between happy and neutral faces, F(1,17) = .082, p = .78 (see Figure 1). These 
results are in line with previous research findings (Hare et al., 2005).
Figure 1. Mean reaction times (ms) for each facial expression category (F = fearful, H = happy, N = neutral) for 
the MM and control group. In the control group a main effect of facial expression was found (p < .01) with 
longest RT to fearful faces and no difference between happy and neutral faces. A significant interaction between 
meditation experience and the fearful and neutral facial expressions was found (p < .05), indicating that the 
difference in RT to fearful versus neutral faces was smaller in meditators as compared to controls. Error bars 
represent 95% confidence intervals of the mean.
* p < .05
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Repeated-measures ANOVA, with meditation experience (yes vs. no) and facial 
expression (happy, neutral and fearful) as within-subject factors and RT as dependent 
variable, showed no main effect o f meditation experience, p = .88, indicating that groups did 
not differ in RT across facial expression categories. A trend towards a significant meditation 
experience x facial expression interaction effect was found, F(2,16) = 2.778, p = .09, n2 = 26. 
Repeated contrasts revealed a significant interaction between meditation experience and the 
fearful and neutral facial expressions, F(1,17) = 5.884, p < .05, n2 = 26, indicating that the 
difference in RT to fearful as compared to neutral faces was smaller in meditators as 
compared to controls (see Figure 1) 1.
PFA data
Repeated-measures ANOVA of control group data showed a main effect o f facial expression, 
F(2,17) = 5.088, p < .05, n2 = .37. Repeated contrasts showed significantly higher PFA for 
happy as compared to neutral faces, F(1,18) = 10.771 , p < .01, n2 = 37 and no significant 
difference between happy and fearful faces, F(1,18) = .000, p = 1 (see Figure 2). The finding 
that most false alarms were made to happy faces is in line with previous research findings 
(Hare et al., 2005).
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Figure 2. Mean percentage false alarms (PFA; %) for each facial expression category (F = fearful, H = happy,
N = neutral) for the MM and control group. In the control group a main effect of facial expression was found 
(p < .05) with lowest PFA for neutral faces and no difference between happy and fearful faces. A significant 
interaction between meditation experience and the happy and fearful faces was found (p < .05), indicating that 
the difference in PFA to happy versus fearful faces was greater in the MM group. Error bars represent 95% 
confidence intervals of the mean.
* p < .05
Repeated-measures ANOVA, with meditation experience (yes vs. no) as between- 
subject factor and facial expression (happy, neutral and fearful) as within-subject factor and 
PFA as dependent variable, showed no main effect o f meditation experience, p = .98, 
indicating no difference in PFA between groups across facial expression categories. A strong 
trend towards a significant meditation experience x facial expression interaction was found, 
F(2,34) = 3.010, p = .06, = .15. Repeated contrasts showed a significant interaction 
between meditation experience and the happy and fearful facial expressions, F(1,35) = 6.046, 
p < .05, n2 = 15, indicating that the difference in false alarm rate for happy versus fearful 
faces was larger in the group with MM experience (see Figure 2).
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Discussion
The results o f the control group in this affective go/no-go study probing facial expression 
recognition were generally in agreement with previous studies by showing longer RT to 
fearful faces and higher false alarm rate for happy faces (Hare et al., 2005; Kirita & Endo, 
1995; Leppanen et al., 2003). More importantly, we found that the prolonged RT to fearful 
relative to neutral stimuli was reduced in the MM group as compared to controls. In addition, 
the positive bias to respond more to happy than to fearful faces was found to be exaggerated 
in the MM group. At first sight, these results might seem conflicting as the false alarm results 
suggest that MM is related to a more positive bias in emotional facial expression recognition 
-  which is consistent with our hypothesis -  while the RT results seem to suggest that MM 
may be related to a more negative bias in emotional facial expression recognition. Two lines 
of research, however, suggest that the RT results might actually reflect a weaker -  rather than 
a stronger -  bias towards processing negative information in the MM group.
The first line o f research that suggests that the reduction in additional RT to fearful 
faces in the MM group might reflect a reduced bias towards processing negative information, 
is the research done in samples o f depressed patients. In a recent paper, consistent results 
were reviewed that show that depressed patients have difficulties disengaging from negative 
information (Gotlib & Joormann, 2010). This effect was shown, for example, by the longer 
time spent looking at pictures featuring sadness and loss in depressed versus nondepressed 
individuals (Eizenman et al., 2003). This deficit in cognitive inhibition, which is specific for 
processing negative material, has been suggested to lie at the heart o f biases in memory and 
attention in depression and sets the stage for ruminative responses to negative events and 
negative mood states (Gotlib & Joormann, 2010). On the base o f these findings, one would 
expect subjects that score high on negative mood states and show deficits in cognitive 
inhibition - like depressed patients - to reveal longer RT when having to identify negative 
pictures. Thus, the reduction in additional RT to fearful faces in the MM group may very well 
reflect an increased ability o f meditators to disengage from negative information, reflecting a 
reduced bias towards processing negative information.
The second line o f research is the research on the relationship between mood and 
processing modes. Effects o f mood have been suggested to be accompanied by changes in 
processing mode. Positive emotions broaden the scope o f attention and induce a more holistic 
mode o f processing (Fredrickson & Branigan, 2005), whereas negative emotions seem to 
induce a more analytic frame o f mind (MacLeod et al., 2002; Mogg & Bradley, 2005). 
Different categories o f emotional facial expressions have been associated with these different
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processing modes. For example, Kirita and Endo (1995) showed the recognition o f sad 
expressions to rely more on (extended) analytic processing. As such, it seems that a shift 
towards a more holistic mode o f processing would result in less analytic and therefore faster 
processing o f especially negative facial expressions (holistic, parallel processing is faster than 
analytic, serial processing). Since MM has been associated with increases in positive mood 
states (Davidson et al., 2003; Jain et al., 2007), a concomitant shift towards a more holistic 
mode o f processing in the MM group may be the cause o f the reduced RT to fearful faces. A  
shift towards more holistic as opposed to analytic processing has been reported for 
transcendental meditation (Pagano & Frumkin, 1977) and, in our view, it would be interesting 
for future research to investigate whether also MM is related to a more holistic mode of 
processing information.
Since the current study was cross-sectional by nature, we have to be careful in 
assuming a causal relationship between the practice o f MM and the differences in the 
processing o f emotional facial expressions. The differences might be explained by pre­
existing group differences, rather than by the practice o f MM per se. Correlation analyses 
(not reported in results section) did not provide evidence to assume a causal relationship as 
no significant correlations between either the total amount o f meditation experience or the 
frequency o f practice and differences in emotional facial expression recognition were found. 
However, the relatively low number o f subjects (n =  20) might be the reason for the absence 
of any significant correlations. Longitudinal research is needed to determine whether a causal 
relationship between MM and alterations in emotional information processing biases exists.
The idea that MM would be related to alterations in emotional response bias seems to 
be o f significant clinical importance, as clinical programs that can modify selective 
information processing have been suggested to have therapeutic value (Gotlib & Joormann, 
2010; MacLeod et al., 2002). Importantly, such a modifying effect o f MM on cognitive- 
emotional processing might be one o f the changes underlying the positive clinical outcomes 
of MBCT and MBSR. Moreover, since processing biases are presumed to endure beyond the 
depressive episodes, representing stable vulnerability factors for depression onset and 
recurrence (Gotlib & Joormann, 2010), the practice o f MM may protect subjects against 
relapse. Thus, it seems important for future research to investigate whether biases in 
processing emotional information can be affected by the short-term MBSR and MBCT 
programs and whether these changes mediate the clinical effectiveness o f these programs.
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Footnotes
1 Noteworthy, the reduction in additional RT to fearful faces relative to neutral faces in the 
MM group was not accompanied by an increase in erroneous responses. Analysis o f variance 
(not reported in results section) did not show any significant effects o f group or interaction 
effects between group and condition (neutral and fearful) for either the number o f misses or 
the number o f false alarms.
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Chapter 7 Mindfulness meditation and changes in bottom-up processing
Chapter 7 
Mindfulness meditation associated with alterations in bottom-up processing: 
psychophysiological evidence for reduced reactivity
Mental training by meditation has been related to changes in high-level cognitive functions 
that involve top-down processing. The aim of this study was to investigate whether the 
practice o f meditation is also related to alterations in low-level, bottom-up processing. 
Therefore, intersensory facilitation (IF) effects in a group o f mindfulness meditators (MM) 
were compared to IF effects in an age- and gender-matched control group. Smaller and even 
absent IF effects were found in the MM group, which suggests that changes in bottom-up 
processing are associated with MM. Furthermore, reduced interference o f a visual warning 
stimulus with the IF effects was found, which suggests an improved allocation o f attentional 
resources in mindfulness meditators, even across modalities.
123
Part 2 Mindfulness meditation and changes in affect
Introduction
In recent years there has been a significant increase in research on the effects o f meditation 
on brain and behavior (Davidson et al., 2003; Kabat-Zinn, 2003; Moore & Malinowski, 2009; 
Slagter et al., 2007; Van den Hurk, Giommi, Gielen, Speckens, & Barendregt, 2010a). 
Among other findings, meditation has been associated with improvements in attentional 
processing (Lutz et al., 2009; Van den Hurk et al., 2010a) and better resource allocation 
(Slagter et al., 2007). One o f the most consistent findings has been better executive attention 
as shown by improved performance o f meditators in Stroop (like) tasks (Chan & Woollacott, 
2007; Moore & Malinowski, 2009; Van den Hurk et al., 2010a). The improvement in 
executive attention points to a greater ability o f meditators to inhibit incorrect responses and 
suggests a reduction in reactivity due to improved top-down control. Actually, many, if  not 
all, research findings on meditation related effects have been limited to high-level, top-down 
processing. To our knowledge, only in a recent study by Vestergaard-Poulsen and colleagues 
(Vestergaard-Poulsen et al., 2009), have differences between meditators and non-meditators 
in low-level brain structures been investigated. An increase in gray matter density in the 
medulla oblongata, a brain region in the lower brain stem, was found in meditators. Thus, the 
aim of our study was to investigate whether also functional differences in low-level, bottom- 
up processing are associated with meditation.
One well-known phenomenon that is considered to reflect bottom-up processing is 
intersensory facilitation (IF) (Kirchner & Colonius, 2005). IF stands for the reduction in 
reaction time (RT) to a stimulus presented in one modality when it is accompanied, close in 
time, by presentation o f a stimulus o f another modality (Keuss, van der Zee, & van den Bree, 
1990; Kirchner & Colonius, 2005; Schmidt, Gielen, & van den Heuvel, 1984; Stoffels, Van 
der Molen, & Keuss, 1985). For example, Keuss et al. (1990) demonstrated that non­
informative sounds (auditory accessories) o f low to moderate intensity facilitate RT to a 
visual stimulus. Even more, they showed that visual choice reactions become faster with 
increasing intensity o f the auditory accessory, which is remarkable since the auditory 
stimulus does not provide any information about the correct response. Interestingly, the latter 
finding on IF effects by Keuss et al. (1990) bears a close resemblance to the StartReact Effect 
(SRE), i.e., the fact that high intensity, startle inducing auditory stimuli (high intensity 
accessory) can speed up simple as well as choice visual RT in comparison with auditory 
stimuli o f moderate intensity (Oude Nijhuis et al., 2007; Valls-Sole et al., 1995). In addition 
to RT facilitation as observed in IF, the SRE has been associated with increases in speed and 
acceleration o f movement (Siegmund, Inglis, & Sanderson, 2001). Contrary to previous
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research findings, which suggested that the SRE is the result o f startle, recent studies 
provided compelling evidence for the view that the SRE reflects stimulus-intensity 
facilitatory effects (Carlsen, Dakin, Chua, & Franks, 2007; Lipp, Kaplan, & Purkis, 2006). As 
such, the SRE might be considered as a specific case o f IF with auditory accessories of 
moderate and high intensity, o f which the latter have high potential to elicit a startle response.
The research findings o f reduced reactivity due to improved high-level, top-down 
processing led us to the hypothesis that meditation might be related to reduced (re)activity in 
low-level, bottom-up processing. In order to test this first hypothesis, a group with extensive 
mindfulness meditation (MM) experience was compared to an age- and gender-matched 
control group on IF effects in a visual choice reaction time task involving head rotations. The 
level o f IF was indexed by the size o f the SRE in the following outcome parameters: onset 
latency o f head rotation, onset latency o f EMG activity in neck muscles, peak angular 
velocity o f head rotation and peak angular acceleration o f head rotation. A reduction in 
(re)activity in bottom-up processing would be revealed by attenuated IF effects. In other 
words, for each o f the outcome parameters a smaller SRE in the MM group was expected. In 
addition, since previous literature showed that a visual warning stimulus seems to draw 
attention away from the auditory modality and, as a corollary, reduces the influence of 
auditory stimuli (Lipp, Siddle, & Dall, 2000; Schicatano & Blumenthal, 1998), we wanted to 
test the second hypothesis that, due to an improved deployment o f attentional resources in the 
group o f meditators (Slagter et al., 2007; Van den Hurk et al., 2010a), the IF effects are less 
affected by an interfering visual warning stimulus in this group. For this reason, trials with 
and without a visual warning stimulus were presented and the condition without an 
interfering visual warning was considered the default condition in which to study the IF 
effects.
Methods
E thical approval
The experiment was done in accordance with the standards o f the Declaration o f Helsinki and 
was approved by the local ethical committee, i.e., Central Committee on Research on Human 
Subjects (CCMO) region Arnhem/Nijmegen. All subjects gave written informed consent 
before start o f the experiment. They were paid 15 euro’s for participation in the experiment 
and received a refund o f their travel expenses.
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Subjects
Thirteen experienced mindfulness meditators and thirteen healthy controls, matched on age 
and gender, participated in this study. The matching was done in such a way that for each 
meditator a control subject with the same gender and the same age ± 3 years was selected. 
Each group consisted o f 8 males and 5 females. The mean age o f the meditators was 46 (SD 
= 14) years, with a range o f 28 -  64 years. The mean age o f the controls was 45 (SD = 16) 
years, with a range o f 26 -  67 years. The meditators had a mean MM experience o f 14 (SD = 
11) years, with a range o f 2 -  36 years. The controls did not have any meditation experience.
Experim ental setup
During the experiment, subjects sat in a dark room in front o f a projection screen with a width 
of 2.70 meter and a height o f 2.00 meter at a distance o f 80 cm (between the tip o f the nose 
and the screen). Prior to the experiment, three axes were defined relative to the subject as x- 
axis (anterior-posterior), _y-axis (left-right) and z-axis (up-down). All measured positions 
refer to this coordinate system. The position o f the cyclopean eye o f the subject was aligned 
with a fixation cross that was presented right in front o f the subject at the center o f the screen. 
Subjects were strapped to the chair with two seatbelts running from the shoulders to the hips 
in order to ensure that only head rotations could be made. Spatial cues (white circles with 
diameter o f 5 cm) were projected either 8° to the left or to the right on the y-axis from the 
centrally projected fixation cross. The target stimuli were white circles (diameter = 12 cm), 
printed on black, A4-sized paper, positioned 60° to the left and right on the y-axis from the 
subjects’ centre (see Figure 1 for a schematic overview o f the experimental setup). The fixed 
locations o f the central fixation cross and target stimuli ensured similar head rotations across 
conditions and subjects.
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Figure 1. Posterior schematic overview of the experimental setup showing a subject sitting in the chair in front 
of the screen. Spatial cues are indicated by SC. The visual target stimuli are indicated by T. In each trial, a 
spatial cue was presented either to the left or to the right of the subject, signaling the subject to make a head 
rotation to either the left or right target stimulus, respectively.
Choice reaction time task
Subjects were instructed to rotate their head as fast as possible from the central fixation cross 
to the target stimulus when a spatial cue was presented. A spatial cue presented to either the 
left or right o f the central fixation cross instructed the subjects to rotate their head to the left 
or right target stimulus, respectively. Spatial cues were presented on an equal (50%-50%) 
basis for left and right targets. In warning trials the central fixation cross turned from white 
into a red color, signaling the subjects that the spatial cue would appear within one to three 
seconds. In trials without a warning stimulus (no-warning trials) the central fixation cross did 
not change color. Warning and no-warning trials were randomly presented on a 50%-50% 
basis (see Figure 2 for a schematic overview o f warning and no-warning trials). High 
intensity (HI) acoustic stimuli were presented in one-third o f all trials to reduce habituation to 
this stimulus and moderate intensity (MI) stimuli were presented in the remaining trials. All 
combinations o f left versus right rotation, warning versus no-warning, and HI versus MI 
acoustic stimuli yielded 8 different types o f trials that were presented in a pseudo-random 
order. Before the start o f the actual experiment, five practice trials were presented, including 
one HI trial. The actual experiment consisted o f six blocks o f 24 trials giving a total o f 144 
trials (72 warning and 72 no-warning trials). The whole experiment lasted for about 30 
minutes. In between blocks subjects were given time to pause and could indicate the start of 
the next block when they felt ready.
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Figure 2. Warning and no-warning trials. Schematic overview of warning (A) and no warning (B) trials. During 
warning trials the white fixation cross was presented for a time period randomly chosen from the interval of 5 to 
10 s. Then, the central fixation cross turned from white into a red color indicating that the spatial cue would 
appear within 1-3 s. The red fixation cross was presented for a time randomly chosen in the range of 1-3 s and 
then the spatial cue was presented for 2 s. In no warning trials, the fixation cross was presented for a time period 
randomly chosen from 6 to 13 s and remained white until the presentation of the spatial cue. Then, the spatial 
cue was presented for 2 s. In both types of trials, data acquisition started 200 ms before onset of the spatial cue 
and the onset of the acoustic stimulus was simultaneous with the onset of the spatial cue.
Acoustic stimuli
Acoustic stimuli with a duration o f 300 ms were used. The onset o f the acoustic stimuli was 
simultaneous with the onset o f the spatial cues as in previous studies (Keuss et al., 1990; 
Oude Nijhuis et al., 2007). HI (MI) acoustic stimuli were presented with an intensity o f 107 
(67) dB measured at the location o f the subjects head with a Bruel & Kjaer measuring 
amplifier type 2610. Two acoustic stimuli with frequencies o f 2000 and 2500 Hz were 
randomly used in order to prevent habituation effects to the stimulus. The acoustic stimuli 
were sent out by a SM10 loudspeaker located 1.5 meters directly behind the subject, similarly
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as in Carlsen et al. (2007). In this way, the acoustic stimulus did not provide any spatial 
information about the target position. See also Oude Nijhuis et al. (2007), who showed that 
the location o f the acoustic stimulus source did not affect the response. Timing o f the fixation 
cross, the visual cues and the auditory stimuli as well as the trigger to start the data 
acquisition was arranged using Presentation software (Neurobehavioral Systems Inc., Albany, 
USA).
D ata acquisition and analysis
We determined onset time o f i) head rotation and ii) EMG activity in the left and right SCM 
muscle relative to the onset time o f the visual spatial cue as two parameters that index the 
SRE. In addition, since Siegmund et al. showed that peak angular velocity and acceleration 
are increased by HI auditory stimuli (Siegmund et al., 2001), these parameters were also 
considered as probes o f the SRE. All data were analyzed using customized Matlab programs 
(The Mathworks Inc., Natick, MA, USA).
Because o f technical problems, not all trials could be used for data analysis in three 
control subjects. For these subjects, the number o f trials was reduced to 46, 47 and 53 no­
warning trials and 53, 59 and 60 warning trials, respectively. The scores for these subjects 
were very similar to the results for the other subjects in the control group.
Kinem atic analysis of head rotation
An infrared light emitting diode (IRED) was mounted on a headband at the right frontal side 
of the subject’s head to measure head movements (see Figure 1). An Optotrak 3020 motion 
analysis system (Northern Digital Inc., Waterloo, Canada), consisting o f three camera’s, 
tracked the position o f the IRED with an accuracy o f 0.1 mm or better in all directions. The 
Optotrak system was mounted on the ceiling above the subject at a distance o f approximately
2 meters from the seated subject, tilted downward at an angle o f 30 degrees relative to the 
ceiling. All measured positions o f the IRED in this manuscript refer to the coordinate system 
fixed to the subject, as described in section 2.3.1. Angular velocity data were obtained by 
differentiation o f the head-position data and were smoothed by a first order Savitsky-Golay 
filter (Savitsky & Golay, 1964). Differentiation o f velocity data yielded angular acceleration 
data. Recordings started 200 ms pre-stimulus (baseline) in sweeps o f 2000 ms with a sample 
rate o f 500 Hz.
The onset latency o f head rotation was determined directly from the acceleration data. 
Onset values outside the range o f the mean ± 3 standard deviations (< 1% of onset values) for
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a specific condition were considered as outliers and excluded from analysis. Error trials, in 
which the subjects responded by head rotations in the wrong direction or made no head 
rotation, were excluded from kinematic as well as EMG analyses. The mean differences in 
onset, peak angular velocity and peak angular acceleration o f head rotation between the HI 
and MI condition were defined as SREs on kinematics o f head rotation, according to Oude 
Nijhuis et al. (2007).
EM G
Electromyographic activity was measured in both the left and right SCM using Ag-AgCl 
electrodes. The electrodes were placed three centimeters below the mastoid process and three 
centimeters above the collarbone on the SCM. A reference electrode was placed on the upper 
vertebra. EMG signals were recorded for two seconds, starting 200 ms before the spatial cue 
and auditory stimulus onset, with a sampling rate o f 500 Hz. After pre-amplification, the 
EMG signal was passed through an analog band-pass filter (with low-pass frequency o f 150 
Hz and high-pass frequency o f 10 Hz), converted to a digital signal and finally stored on a 
computer.
In an off-line analysis, this digital EMG signal was first rectified and then smoothed 
with a Savitsky-Golay filter (frame size 31 and polynomial order 2). For each trial the EMG 
activity onset was determined in the agonist muscle. The onset was defined as the first time 
point in a trial after which the threshold value was exceeded for 50 consecutive milliseconds. 
This threshold value was calculated by adding 3 standard deviations to the mean o f the EMG 
in the baseline period o f the trial preceding stimulus onset. All automatically determined 
onset latencies were visually inspected and adjusted when the algorithm did not find the 
correct onset latency. Onset values outside the range o f the mean onset ± 3 standard 
deviations (< 1% of onset values) for a specific condition were considered as outliers and 
were excluded from analysis. The mean difference in onset o f EMG activity between the HI 
and MI condition was defined as the SRE on EMG activity, according to Oude Nijhuis et al. 
(2007).
Statistical analyses
Because o f the skewed distributions o f onset, velocity and acceleration data, data were log 
transformed before running statistical analyses. A similar statistical procedure was followed 
for scores on all outcome parameters. Three within-subject factors were distinguished: 
warning condition (WC; warning versus no-warning), stimulus intensity (SI; HI versus MI)
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and mindfulness meditation experience (MM; yes versus no). MM was considered a within- 
subject factor because control subjects were strictly matched to meditators on age and gender. 
More specifically, for each meditator a specific control subject, with a comparable age (± 3 
years) and the same gender, was selected. In this way, subject-pairs were formed and two 
related - instead o f two independent - samples were obtained. At the group level, outliers 
were defined as parameter values that deviated from the nearest quartile by more than 1.5 
times the interquartile range. These outlier values were excluded from analysis together with 
the corresponding score o f the matched subject in the mental training or control group (see 
Table 1).
In order to test our hypothesis that mental training by MM is associated with a smaller 
SRE, we first tested whether a significant SRE was present in both groups in the no-warning 
condition with a paired-samples t test. A significant SRE in the control group would provide 
evidence for the validity o f the design o f our study in producing the phenomenon o f interest, 
i.e., the SRE. In addition, the presence o f a significant SRE in both groups seemed a 
precondition for a meaningful comparison. If a significant SRE were present in both groups, 
then our hypothesis - that the mental training by MM is associated with a smaller SRE - 
would be tested by a one-sided paired t test.
If a significant SRE would be present in both groups in the no-warning condition, the 
interaction term between warning and SI condition would be probed for both groups, 
indicating the size o f the interfering effect o f a visual warning stimulus. When both groups 
would show significant interference, a meaningful comparison could be made with respect to 
the size o f the interference by probing the three-way WC x SI x MM interaction.
Baseline EM G activity
In order to check whether baseline EMG activity affected the scores on the outcome 
parameters, we tested whether baseline EMG activity was related to scores on outcome 
parameters. For each trial the area under the curve (AUC) o f the last 100 ms baseline period 
before the spatial cue was determined for both the left and right SCM. Since no lateralized 
differences in baseline EMG activity were to be expected -  because the test was a choice 
reaction time task - AUCs o f left and right SCM were added for each single trial to obtain a 
total AUC. Trials were then categorized as either warning or no-warning trials. Trials were 
defined as outliers if  the total AUC of that trial exceeded the mean total AUC for that 
condition ± three standard deviations. These outlier trials (< 1% of all trials) were excluded 
from analysis. Then, the mean total AUC for the warning and the no-warning condition was
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determined from the remaining trials for each subject. Because o f the skewed distributions 
group AUC data were log-transformed. At the group level, outliers in the log-transformed 
AUC data were defined as values with a distance from the nearest quartile greater than 1.5 
times the interquartile range and no outliers were found. The EMG data o f one meditator 
could not be analyzed due to technical problems. We tested whether baseline EMG activity 
was related to scores on the outcome parameters using the correlation between baseline EMG 
activity and scores on outcome parameters. For each outcome parameter, separate correlation 
analyses were run for the warning and no-warning condition to test whether baseline EMG 
activity in that condition was related to scores on the outcome parameter in either the MI or 
HI condition.
Response errors
For each subject and condition the percentage o f trials with incorrect responses was 
determined. Incorrect responses were defined as (initial) head rotations in the wrong direction 
or the absence o f a clear head rotation. Repeated-measures ANOVA with incorrect response 
data was run with factors WC, SI and MM to test main and interaction effects. This additional 
analysis was run to test whether groups differed in response accuracy across conditions.
Number of startle responses
For each subject and condition we determined the percentage o f trials with startle activity. 
According to Carlsen et al. (2007), EMG activity in SCM was classified as startle if  the onset 
occurred within 120 ms following stimulus onset. Repeated-measures ANOVA with startle 
activity data was run with factors WC, SI and MM to test main and interaction effects. This 
additional analysis was run to test to what extent differences on outcome parameters reflected 
effects o f startle or rather IF effects.
Results
O nset latency of head rotation
Figure 3 shows the average over all movement trials for the EMG activity o f the right SCM 
(top panel), left SCM (middle panel) and the absolute value o f head displacement (lower 
panel) for the HI responses (solid line) and for MI responses (dashed line) for a control 
subject. Figure 3 illustrates that HI responses have clearly shorter onset latencies than 
responses to visual stimuli with an accompanying MI acoustic stimulus, which is in
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agreement with the findings o f Oude Nijhuis et al. (2007). These qualitative results will be 
analyzed more quantitatively below.
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Figure 3. EMG and movement in HI and MI conditions. Mean rectified and filtered EMG data of a single 
control subject of both right (A) and left (B) SCMs and mean absolute value of angular displacement (C) are 
shown for the MI (dashed line) and HI (solid line) conditions. The spatial cue and auditory stimulus (MI or HI) 
were presented at time 200 ms. The SRE is reflected by the shortening of the onset times.
The quantitative differences for head rotation onset latencies of both groups are 
shown in Figure 4. In the no-warning condition, both groups showed a significant SRE, 
F(1,11) = 16.24, p < 0.01, n2 = 0.60 with a mean reduction o f 20.7 (SD = 16.4) ms in onset 
time for the mental training group and F(1,11) = 14.98, p < 0.01, n2 = 0.58 with a mean 
reduction o f 33.2 (SD = 26.1) ms for controls (see Table 1). The difference in the size o f the 
SRE between groups approached the level o f significance, t(11) = -1.74, p = 0.06, suggesting 
a smaller SRE in the mental training group.
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Figure 4. SRE for head rotation onset latency. Mean SRE (ms) for head rotation onset latency for the no­
warning (dark-gray) and warning conditions (light-gray) for both the mental training (left columns) and control 
groups (right columns). Error bars indicate 95% confidence intervals.
In the mental training group no significant WC x SI interaction was observed (p > 
0.15), whereas in the control group a significant interaction was seen F(1,11) = 5.01 , p < 
0.05, n2 = 0.31. In the warning condition, only the mental training group showed a significant 
SRE, F(1,11) = 10.26, p < 0.01, n2 = 0.48, with a mean reduction o f 12.3 (SD = 12.8) ms.
In summary, the mental training group showed i) a trend towards a significantly 
smaller SRE than the control group, and ii) no interfering effect o f a visual warning stimulus 
with the SRE, contrary to the results for the control group. These results seem to provide 
support for both our hypotheses.
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Table 1. Overview of scores of both groups in all experimental conditions on all outcome parameters. Scores 
represent group means and standard deviations are placed between parentheses. HRO = head rotation onset 
latency in ms, PAV = peak angular velocity in rad/s, PAA = peak angular acceleration in rad/s2, EO = EMG 
activity onset latency in ms. MI = moderate intensity accessory, HI = high intensity accessory and SRE = 
StartReact effect.
No warning Warning
Condition MI HI SRE MI HI SRE
Outcome Mental
parameter training
HRO Yes 196.6 175.9 20.7 (16.4) ** 194.7 182.3 12.3 (12.8) **
(41.4) (51.3) (44.1) (44.2)
No 180.7 147.5 33.2 (26.1) ** 166.4 157.8
(50.2) (52.5) (49.4) (48.0)
PAV Yes 3.4 (1.8) 3.6 (2.5) 3.4 (1.8) 3.7 (2.4)
No 4.1 (0.5) 4.5 (0.4) 0.4 (0.3) ** 4.2 (0.5) 4.5 (0.4) 0.2 (0.3) *
PAA Yes 38.2 45.9 37.8 46.0
(22.3) (39.5) (24.5) (32.5)
No 38.1 45.2 7.12 (7.5) ** 39.3 44.4 5.2 (7.0) *
(11.1) (11.5) (11.4) (12.8)
EO Yes 177.4 156.1 21.3 (15.6) ** 174.8 166.2 8.6 (14.8)f
(28.2) (34.8) (31.1) (35.8)
No 161.7 128.6 33.1 (25.3) ** 149.4 141.2
(49.3) (47.2) (47.7) (48.3)
Due to outlier rejection, data of 1, 3, 1 and 1 subject pairs were deleted from analysis of HRO, PAV, PAA and 
EO data, respectively.
** = p < .01, * = p < .05, f = p < .10.
P eak  angular velocity o f  head  rotation
For the no-warning condition a significant SRE was found in the group o f controls, F(1,9) = 
15.05, p < 0.01, n2 = 0.63 with a mean increase o f 0.4 (SD = 0.3) radians per second in 
angular velocity, whereas no significant SRE was found for the mental training group (p > 
0.85).
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In the control group a significant WC x SI interaction was observed, F(1,9) = 9.4, p < 
0.05, n2 = 0.51. Also in the warning condition the control group showed a significant SRE, 
F(1,9) = 5.79, p < 0.05, n2 = 0.39, but the mean increase in peak angular velocity was smaller 
(0.234 (SD = 0.3) radians per second) than for the no-warning condition.
The absence o f a SRE for peak angular velocity in the mental training group is in line 
with our first hypothesis that mental training is associated with a smaller SRE. This result 
excluded the possibility to test our second hypothesis that the SRE in the mental training 
group would be less affected by a visual warning stimulus. Interference of the visual warning 
stimulus with the SRE was found in the control group.
P eak  angular acceleration o f  head rotation
For the group o f controls a significant SRE was found, F(1,11) = 12.73, p < 0.01, n2 = 0.54 
for the no-warning condition with a mean increase o f 7.12 (SD = 7.5) rad/s2 in peak angular 
acceleration, whereas no significant SRE was found for the mental training group (p > 0.75). 
For the group o f controls no significant WC x SI interaction was observed (p > 0.15). Thus, 
similarly to the peak angular velocity results, the complete absence of a SRE for peak angular 
acceleration in the mental training group seems to confirm our first hypothesis. This result, 
however, did not allow us to test our second hypothesis. For the group of controls, no 
significant interfering effect of the warning stimulus was seen.
O nset latency o f  EM G activity
For the no-warning condition, both groups showed a significant SRE for onset o f EMG 
activity with a mean reduction o f 21.3 (SD = 15.6) ms in onset time for the mental training 
group, F(1,10) = 16.48, p < 0.01, n2 = 0.62 and a mean reduction o f 33.1 (SD = 25.3) ms in 
onset time for the control group, F(1,10) = 15.66, p < 0.01, n2 = 0.61. The difference in the 
size o f the SRE between groups approached the level o f significance (p = 0.05), which 
suggests that the mental training is related to a smaller SRE.
In the group with mental training a trend towards a significant WC x SI interaction 
was observed (p = 0.05) and in the control group a significant interaction was seen, F(1,10) =
5.27, p < 0.05, n2 = 0.35. In the warning condition, the mental training group showed a trend 
towards a significant SRE (p = 0.08) with a mean reduction o f 8.6 (14.8) ms, whereas no SRE 
was present in the control group. The WC x SI x MM interaction was not significant (p > 
0.3).
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In summary, the trend towards a significantly smaller SRE in the mental training 
group provided support for our first hypothesis. The non-significant WC x S I x  MM 
interaction did not provide support for our second hypothesis that the mental training is 
associated with a smaller effect of a visual warning stimulus.
M ean baseline EM G activity
The correlation analyses showed that, neither in the no-warning nor in the warning condition, 
mean baseline EMG activity was related to scores on any of the outcome parameters in the 
MI or HI condition (all p-values > 0.10). This result implies that differences between groups 
in scores on outcome parameters cannot be explained by differences in baseline EMG 
activity.
Response errors
With repeated-measures ANOVA only a main effect o f SI was found, F(1,10) = 16.86, p < 
0.01, n2 = 0.63, with a higher percentage o f trials with incorrect responses in the HI versus 
the MI condition. No main effects for WC and MM or interaction effects were found. 
Response error percentages for both groups are shown in table 2, specified for each condition.
Table 2. Overview of response error percentages for both groups specified for all conditions. Scores represent 
group means and standard deviations are placed between parentheses. MI = moderate intensity accessory, HI = 
high intensity accessory.
No warning Warning
Condition MI
Mental training
Yes
No
0.6 (1.0) 
2.4 (2.6)
HI
3.4 (4.1)
5.5 (8.4)
MI
0.4 (0.8) 
0.9 (2.0)
HI
5.3 (5.9) 
6.1 (3.9)
Number of startle responses
With repeated-measures ANOVA only a main effect o f SI was found, F(1,11) = 6.37, p < 
0.05, n2 = 0.37, with a higher percentage o f trials with startle activity in the HI than in the MI
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condition. No main effects for WC and MM or interaction effects were found. Percentages of 
trials with startle activity for both groups are shown in table 3, specified for each condition.
Table 3. Overview of fraction of trials (%) with startle activity for both groups specified for all conditions. 
Scores represent group means and standard deviations are placed between parentheses. MI = moderate intensity 
accessory, HI = high intensity accessory.
No warning Warning
Condition MI
Mental training
Yes
No
13.2 (6.0) 
15.5 (6.3)
HI
15.3 (4.8) 
18.8 (7.5)
MI
13.9 (4.9) 
14.5 (8.4)
HI
17.0 (7.6) 
20.5 (8.1)
Discussion
The main results o f this study are that the MM group showed no significant SRE for peak 
angular velocity and peak angular acceleration o f head rotation and a trend towards a 
significantly smaller SRE for onset latency o f head rotation and onset latency o f EMG 
activity. Furthermore, the MM group revealed no interference o f a visual warning stimulus 
with the SRE for head rotation onset. Age and gender-matched control subjects showed i) a 
significant SRE for all outcome parameters and ii) interference with the SRE by a visual 
warning stimulus for three out of the four outcome parameters.
M indfulness m editation an d  attenuated IF  effects
The results of our study support the first hypothesis that MM is related to attenuated IF 
effects, as shown by the smaller or even absent SREs in the MM group. Because scores on 
outcome parameters were not probed in the absence of an auditory accessory in our study, our 
scores (obtained from a bimodal condition in which both a visual spatial cue and an auditory 
accessory were presented), could not be compared to scores in a unimodal condition, which is 
not affected by IF effects. However, inspired by the argument o f Keuss et al. (1990), we 
opted for testing IF effects by presenting auditory accessories (of different intensities) in all 
trials. Keuss et al. (1990) stated that “RT is considered to be not so much a function o f the 
particular stimulus presented but of that stimulus in relation to other possible stimulus events.
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Consequently, the subtraction method - subtracting scores o f unimodal (catch) trials from 
bimodal (intersensory) trials to estimate the (additional) intersensory effect - may 
overestimate the size o f the intersensory effect” (Keuss et al., 1990, p. 44). In line with this 
reasoning, the bimodal MI condition in our study can be considered as a proper reference 
condition for the bimodal HI condition, in order to determine the size o f IF effects.
Considering the fact that IF is considered to reflect involuntary, automatic processing 
(Kirchner & Colonius, 2005; Schmidt et al., 1984), it seems striking to find an attenuation in 
IF to be related to MM. To our knowledge, this is the first study that relates MM to functional 
alterations in low-level, bottom-up processing and suggests that the potential of mental 
training by meditation is not limited to changes at high level top-down processing. 
Interestingly, in a recent study, Vestergaard-Poulsen et al. (2009) found structural differences 
between meditators and control subjects in a low-level brain stem structure. More 
specifically, in meditators an increase in gray matter density in the medulla oblongata was 
seen, a region known to be involved in relaying sensory inputs from the body and in 
respiratory and cardiac control. Their findings together with related findings - increases in 
vagal tone and lower cortisol levels in meditators - were suggested by Vestergaard-Poulsen et 
al. to be a possible mechanism for the finding that regular practice o f meditation can induce 
increased resistance to stressful stimuli, increased attentional skills and the increased sense of 
calmness commonly reported by meditation practitioners. Our results o f reduced IF and 
interference effects seem to fit strikingly well into this pattern of research findings on 
meditation related effects.
The differences in IF effects could not be explained by the amount o f baseline EMG 
activity as correlation analyses showed that scores on outcome parameters were not related to 
baseline EMG activity. Also the number o f response errors could not explain the differences 
in IF effects, as no differences in the amount of response errors between the MM and control 
group were observed. Noteworthy, the finding of an increase in the percentage of response 
errors in the HI condition versus the MI condition adds further evidence to the general view  
that 70 to 80 dB marks the limit above which performance deteriorates (Keuss et al., 1990). 
Interestingly, our results seem to provide additional evidence for a dissociation between 
startle and the SRE (Carlsen et al., 2007; Lipp et al., 2006), as groups showed differences in 
the SRE, but not in the number o f trials with startle activity. A possible cause for the absence 
of differences in startle activity might be the relatively small number of startle responses that 
were observed, which could reflect a floor effect that excludes the possibility to differentiate 
between groups. Since the different processing stages o f the visual spatial cue were not
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manipulated in the current experiment, the exact locus of the difference in IF effects between 
groups could not be determined. According to what seems to be the most suitable view to 
explain IF effects, i.e., the preparation-enhancement view, the auditory accessory has an 
alerting or arousing role that may alter processing in a number o f stages (Schmidt et al., 
1984). Thus, it would be interesting for future research to investigate which specific 
processing stage(s) are affected by MM, resulting in the attenuated IF effects.
Interference o f  visual warning stimulus
The pronounced interfering role o f the visual warning stimulus with the SRE in the control 
group has a strong resemblance to the effect of a visual warning stimulus on the acoustic 
startle response (Anthony, Butler, & Putnam, 1978; Anthony & Graham, 1985; Schicatano & 
Blumenthal, 1998; Simons & Zelson, 1985). The study by Schicatano et al. (Schicatano & 
Blumenthal, 1998) showed that attention being directed to a visual search task during 
presentation of an acoustic startle stimulus was associated with a decrease in startle amplitude 
and probability, and with an increase in startle latency. Schicatano et al. stated that “these 
findings support previous research by showing that the attentional modulation of startle is 
sensitive to the attended modality, such that the startle reflex is larger when the modality of 
the startle stimulus and attended stimulus match compared to when they do not match” 
(Schicatano & Blumenthal, 1998, p. 149). This interpretation by Schicatano and Blumenthal 
is in line with the interpretation given by Lipp et al. (2000) who stated that “the enhanced 
startle magnitude facilitation in the modality match condition may reflect an attentional 
mechanism that facilitates the processing of all stimuli presented in an attended modality, 
inhibits processing in an ignored modality, or results in both” (Lipp et al., 2000, p. 63). In 
addition, Lipp et al. (2000) stated that “such a modality-specific attentional mechanism may 
affect stimulus processing at a very early stage, by, for instance, changing the threshold of 
sensory receptors” (Lipp et al., 2000, p. 63). Thus, it seems likely that the interference o f the 
visual warning stimulus with the SRE in the control group o f our study can be explained by 
the ability of the visual stimulus to draw attention to the visual modality and, in doing so, 
away from the auditory modality, which results in an attenuated effect of the auditory 
accessory. At this point it is interesting to consider the less pronounced interfering role of the 
visual warning stimulus in the MM group, as no interference with the SRE for head rotation 
onset latency and only a trend towards a significant interference for onset o f EMG activity 
were found. This reduced interference in the MM group suggests that mental training by MM 
is related to a better distribution of attentional resources, not only within one modality, but
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even across the visual and auditory modalities. As such, these results seem to extend the view  
of Slagter et al. (2007) and van den Hurk et al. (2010a) - who associated MM with a better 
control over visual attentional resources and greater efficiency in visual attentional 
processing, respectively - from intra-modality to inter-modality improvements in the 
deployment o f attentional resources.
Lim itations o f  the current study
Because o f the cross-sectional design o f the current study, we have to be careful to conclude 
that the observed differences in IF effects and attentional resource allocation in the MM 
group are due to the mental training per se. Pre-existing differences between groups, that 
actually predict whether one is likely to start with a MM practice, might underlie the 
differences between groups, rather than the MM practice itself. Future longitudinal research 
could resolve this issue by investigating whether a period o f mental training (by MM) 
actually induces changes in IF effects.
All subjects in the MM group o f this study have experience with Vipassana 
meditation ( 2 - 3 6  years), which is also known as mindfulness meditation. Vipassana 
meditation consists o f both concentration meditation (focused attention: FA) and mindfulness 
meditation (open monitoring: OM). FA is generally considered to be the base o f the practice 
(that is trained first), upon which the ability o f OM is cultivated. Thus, all subjects have 
experience with both FA and OM meditation and it seems very difficult to get a reliable 
estimate o f the respective contribution o f the two different forms as they appear to become 
more and more intertwined along the practice. In our view, in order to differentiate between 
FA and OM effects, it might be interesting for future research to investigate whether 
meditators with only FA experience reveal a similar pattern o f results.
Conclusions
In this study, MM was related to attenuated IF effects as shown by smaller or even absent 
SREs for outcome parameters in a choice reaction time task involving head rotations. This 
finding suggests that mental training by MM affects low-level, bottom-up processing. Further 
research is needed to determine which specific neuronal processing stages are affected by 
MM to result in reduced reactivity in bottom-up processing. In addition, the less pronounced 
interfering role o f a visual warning stimulus with the SRE suggests that MM is related to a 
better, more widespread allocation o f attentional resources, even across modalities.
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Chapter 8 
On the relationship between the practice of mindfulness meditation and 
personality -  an exploratory analysis of the mediating role of mindfulness skills
Mindfulness meditation (MM) has often been suggested to induce fundamental changes in the 
way events in life are experienced and dealt with, presumably leading to alterations in 
personality. However, the relationship between the practice of mindfulness meditation (MM) 
and personality has not been systematically studied. The aim of this study was to explore this 
relationship and to investigate the mediating role o f mindfulness skills. Thirty-five 
experienced mindfulness meditators (age range 31-75 years; meditation experience range: 
0.25 -  35 years; mean ~ 13 years) and 35 age-, gender-, and ethnicity-matched controls (age 
range 27-63 years) without any meditation experience completed a personality (NEO-FFI) 
and mindfulness (KIMS) questionnaire. The practice o f MM was positively related to 
openness and extraversion and negatively related to neuroticism and conscientiousness. Thus, 
the results of the current study associate the practice of MM with higher levels of curiosity 
and receptivity to new experiences and experience of positive affect and with less proneness 
towards negative emotions and worrying and a reduced focus on achievements. Furthermore, 
the mediating role of specific mindfulness skills in the relationship between the practice of 
MM and personality traits was shown.
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Introduction
In Eastern contemplative traditions, primarily Buddhism, the cultivation of mindfulness 
through the practice o f meditation has a long history (Kabat-Zinn, 1982; Linehan, 1993). 
These traditions suggest that the regular practice of mindfulness meditation (MM) reduces 
suffering and fosters positive qualities, such as awareness, insight, wisdom, compassion, and 
equanimity (Baer et al., 2004; Goldstein, 2002). Mindfulness can be described as paying 
attention in a special way, i.e., intentionally, in the present moment and non-judgmentally 
(Kabat-Zinn, 1996). In recent years, several questionnaires have been developed to 
operationalize the concept o f mindfulness for scientific purposes (Baer et al., 2004; Baer et 
al., 2008; Brown & Ryan, 2003; Walach, Buchheld, Buttenmuller, Kleinknecht, & Schmidt,
2006). In these questionnaires different mindfulness factors/skills have been defined, such as 
act-with-awareness (to fully engage in a current activity with undivided attention) and accept- 
without-judgment (to be non-evaluative about ones experiences in the present moment). Until 
now, several studies have investigated the relationship between these mindfulness skills and 
personality traits (Baer et al., 2004; Brown & Ryan, 2003; Giluk, 2009; Thompson & Waltz,
2007). For example, in the study by Thompson and Waltz mindfulness, as measured by the 
Mindful Attention Awareness Scale (MAAS; Brown & Ryan, 2003), was found to be 
positively related to agreeableness and conscientiousness and negatively related to 
neuroticism. The aim of these studies has been to examine to what extent mindfulness skills 
are related to personality traits. Remarkably, little or no attention has been directed at 
investigating whether and in what ways the practice  of MM is related to personality traits. 
Attending this specific relationship seems to be important considering the fact that the 
practice of MM is aimed at inducing a fundamental change in the way events in life are 
experienced and dealt with (Kabat-Zinn, 1990), presumably leading to alterations in 
personality.
Teasdale and colleagues have been among several other authors to give a meticulous 
description o f the practice o f MM (Bishop et al., 2004; Kabat-Zinn, 1996; Ortner et al., 2007; 
Teasdale et al., 1995). They state: ”In formal mindfulness practice, the student sits quietly in 
an erect and dignified posture and attempts, non-strivingly, to maintain attention on a 
particular focus, commonly his or her own breathing. When the attention wanders from the 
breath to the thoughts and feelings that inevitably arise, the student ‘acknowledges and 
accepts’ the thoughts or feelings, ‘lets go’ o f them, and gently re-directs attention back to the 
breath. This procedure is repeated many times, whenever the student notices that the attention 
has wandered. In informal practice, students apply the same general approach as often as
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possible during the course o f their normal day, bringing the attention back to the ‘here and 
now’, using a focus on the breath as an ‘anchor’, whenever they notice that attention has been 
diverted to streams o f thought, worries, reverie, or general lack o f awareness” (Teasdale et 
al., 1995, p.33). It also has been argued that MM promotes behavioral flexibility and that it 
fosters a decentered perspective from which subjective experiences are viewed as transient 
events rather than as permanent aspects o f the self (Ortner et al., 2007). Considering these 
descriptions o f the practice o f MM, one can imagine the practice to have a large impact on 
one’s mental state from moment to moment. For example, the clear intention to acknowledge 
and accept all thoughts and feelings as they arise in a non-judgmental way is in a sense 
revolutionary and can be hypothesized to reduce vulnerability to be lost in repetitive cycles of 
negative thoughts and worry. Accordingly, it can be expected that in the long term one’s 
personality structure is affected by the practice. For instance, it seems plausible that the 
practice o f MM is associated with reduced worry and negative thoughts, reflecting a reduced 
level o f neuroticism. Likewise, the practice o f MM, initiating voluntary exposure to a wide 
range o f thoughts, emotions and experiences (Giluk, 2009), can be expected to be associated 
with increased levels in openness.
The idea that the practice o f MM might influence personality is contrary to traditional 
views which state that personality is a relatively stable construct that hardly changes across 
the lifespan (Heatherton & Weinberger, 1994). However, recent studies advocate that change 
in personality may actually be possible (Helson, Kwan, John, & Jones, 2002; Piedmont,
2001) and suggest that life experiences and environment play a significant role in personality 
development (Roberts, Wood, & Smith, 2004). From this perspective, the practice o f MM 
actually may be expected to lead to alterations in personality as MM is assumed to induce a 
significant shift in the way events in life are approached, experienced and dealt with (Kabat- 
Zinn, 1990).
In our view, mindfulness skills might play a crucial mediating role in the relationship 
between the practice o f MM and personality traits. Mediation exists when one variable is 
indirectly related to another variable through at least one intervening variable, or mediator 
(Preacher & Hayes, 2008). Accordingly, we hypothesize that the practice o f MM might be 
indirectly related to personality traits, i.e., via mindfulness skills. For example, it seems 
plausible that the practice o f MM is related to lower levels o f neuroticism, as mentioned 
above. But it might very well be that this relationship exists due to the intervening 
mindfulness skill accept-without-judgment, as this mindfulness skill is essential for the ability 
to acknowledge and accept (unwanted, negative) thoughts, feelings and sensations in a
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nonjudgmental way and to let go o f them, preventing one to get lost in repetitive cycles of 
negative thoughts and worrying. In our view, this change in perspective can provide a more 
complete and articulated view on the relationship between the practice o f MM, the cultivation 
of mindfulness skills and personality traits.
Thus, the aim o f this study was twofold: to investigate 1) the relationship between the 
practice o f MM and personality traits, and 2) whether mindfulness skills have a mediating 
role in this relationship. On the basis o f the descriptions o f the MM practice given above and 
literature relating mindfulness facets to personality traits, we hypothesized the practice of 
MM to be positively related to openness, extraversion, agreeableness and conscientiousness 
and negatively related to neuroticism (Giluk, 2009). Mediation analyses were run for the 
personality traits that were shown to be related to the practice o f MM. To explore the 
mediating role o f mindfulness skills, four mindfulness skills, as defined by Baer et al. (2004), 
were considered as possible mediators.
Methods
Participants and procedure
Thirty-five mindfulness meditators (mean (SD) age = 49.1 (9.5) years; 11 males), and 35 age­
, gender-, and ethnicity-matched control participants without meditation experience (mean 
(SD) age = 47.6 (8.8) years; 12 males) participated in this study. Mindfulness meditators 
were recruited by sending invitation letters to MM centers in the Netherlands. Control 
participants were recruited by selecting participants from a participants database so that a 
control group was formed that matched the group o f meditators on age (t (68) = -.66, p = .51), 
gender (Pearson %2 (1) = .07, p = .80) and ethnicity (all subjects were o f the Caucasian race). 
We were not able to match the groups on education level (Pearson %2 (2) = 13.44, p < 01) 
and therefore education level was entered as a covariate in the statistical analyses. The mean 
amount o f MM experience was 13.2 (SD 10.3) years, with a range o f 0.25 -  35 years in the 
mindfulness meditators group. Regular MM practice varied from 50-700 minutes a week, 
mean (SD) 3.0 (2.2) hours a week. The control group had no experience with the practice of 
any form of meditation. None o f the participants had any known psychological or 
neurological deficits. Participants completed the questionnaires before being tested in a 
cognitive experiment in which attentional processing was investigated. Before the start o f the 
experiment informed consent was obtained.
148
Chapter 8 Mindfulness meditation, mindfulness skills and personality
Measures
The NEO-Five Factor Inventory (NEO-FFI; Costa & McCrae, 1992) was used to probe 
participants’ scores on five personality factors: neuroticism (proneness towards negative 
emotions and worrying), extraversion (experiencing positive emotions and being sociable), 
openness-to-experience (having a receptive mind that attracts new experiences), 
agreeableness (the tendency to be altruistic, warm and trustworthy) and conscientiousness (to 
be organized and have a high level o f self-discipline). These personality factors were assessed 
with the authorized Dutch translation o f the NEO-FFI (Hoekstra, Ormel, & de Fruyt, 1996), a 
short version o f the Revised NEO Personality Inventory (Costa & McCrae, 1992). The NEO- 
FFI has 60 items, 12 per factor. Participants indicated their responses on a Likert-type scale 
ranging from 1 (strongly disagree) to 5 (strongly agree). Cronbach’s alpha levels in the 
present study were .78 for neuroticism, .75 for extraversion, .72 for openness, .74 for 
agreeableness and .81 for conscientiousness.
In addition to the measurement o f personality, the scores on several mindfulness skills 
were probed by means o f the Kentucky Inventory o f Mindfulness Skills (KIMS; Baer et al.,
2004). Four mindfulness facets are distinguished by this questionnaire: 1. mindful 
observation - the careful attending to and observing o f internal and external phenomena (e.g., 
thoughts, emotions, smells or sounds); 2. mindful description - the immediate, non- 
judgmental labeling o f observations, without conceptual analysis (Dimidjian & Linehan,
2003); 3. act-with-awareness - to fully engage in a current activity with undivided attention; 
4. accept-without-judgment - to be non-evaluative about ones experiences in the present 
moment (see Table 1 for sample items). In order to probe the level o f these mindfulness 
skills, participants filled in the validated Dutch version o f the KIMS (Dekeyser, Raes, 
Leijssen, Leysen, & Dewulf, 2008). The KIMS consists o f 39 items. Cronbach’s alpha levels 
in the present study were .89 for observe, .89 for describe, .79 for act-with-awareness and .85 
for accept-without-judgment.
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Table 1. Sample items of the KIMS mindfulness factors observe, describe, act-with-awareness and accept- 
without-judgment are shown.
Observe
I notice changes in my body, such as whether my breathing slows down or speeds up.
I pay attention to how my emotions affect my thoughts and behavior.
Describe
I’m good at finding the words to describe my feelings.
I can easily put my beliefs, opinions, and expectations into words.
Act-with-awareness 
When I do things, my mind wanders off and I’m easily distracted. a
When I’m working on something, part of my mind is occupied with other topics, such as what 
I'll be doing later, or things I’d rather be doing. a
Accept-without-judgment 
I criticize myself for having irrational or inappropriate emotions. a 
I tell myself that I shouldn’t be feeling the way I’m feeling. a 
a Reverse-scored item
Statistical analyses
First, by means o f multivariate analysis (MANOVA; with group as between-subject factor, 
education level as covariate and NEO-FFI factors as dependent variables) scores o f both 
groups on the NEO-FFI personality factors were compared. Second, in order to investigate 
whether the amount o f MM experience (expressed in months) is related to personality traits, 
we restricted our correlation analysis to the group o f meditators. Since personality traits have 
been found to vary across age (McCrae et al., 1999), we decided to control for this factor. In 
addition, we also controlled for education level and thus ran partial correlation analyses. 
Third, bootstrapping, a nonparametric resampling procedure, was used to test mediation 
(Preacher & Hayes, 2008). Bootstrapping involves repeatedly sampling from the data set and 
estimating the indirect effect (i.e., the indirect pathway) in each resampled data set. By 
repeating this process thousands o f times, an empirical approximation o f the sampling 
distribution o f the indirect pathway is built and used to construct confidence intervals for the 
indirect pathway.
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Results
Prior to analyses, data were examined for the presence o f outliers. Therefore, each variable 
was standardized by computing z-scores and cases with a z-score higher than 2.58 or lower 
than -2.58 were defined as outlier. Four outliers were found (two per group) and were 
excluded. Thus, all analyses were performed on 33 participants in each group. Of note, 
mindfulness data of one meditator was missing and this participant was not included in the 
mediation analysis.
The practice o f  M M  and personality traits
The multivariate analysis (MANOVA) on NEO-FFI personality factor scores was significant, 
F(5,58) = 3.52; p < .01; n2 = 23. Univariate analyses (with group as between-subject factor, 
education level as covariate and a single NEO-FFI factor as dependent variable) revealed a 
significant difference on openness-to-experience, F(1,62) = 10.42; p = < .01; n  = .14, 
showing meditators to have a higher score on openness (see Table 1). In addition, meditators 
scored significantly lower on conscientiousness, F(1,62) = 4.04; p < .05; n  = .06. No 
significant differences were observed for neuroticism, agreeableness and extraversion, p- 
values > .1.
Table 2. Estimated marginal mean (SE) per group (meditators, non-meditators), univariate F-value, p-value and 
n  for NEO-FFI personality traits.
NEO-FFI 
Personality factor
Meditators 
(N = 33)
Non-meditators
(N = 33)
F p-value n2
Neuroticism 2S.19 (1.07) 2S.34 (1.07) 0.01 .92 .00
Extraversion 39.S9 (1.0S) 41.50 (1.0S) 1.02 .32 .02
Openness-to-experience 43.91 (1.05) 3S.91 (1.05) 10.42 < .01 .14
Agreeableness 4S.17 (.80) 46.9S (.80) 1.01 .32 .02
Conscientiousness 44.39 (1.00) 47.37 (1.00) 4.04 < .05 .06
Relationship between amount o f  M M  experience and personality traits
Partial correlation analyses showed MM experience (in months) to be related to neuroticism;
r = -.39, p < .05, extraversion; r = .36, p < .05 and openness; r = 0.37, p < .05 (see Table 3).
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No significant relations were found between the amount of MM practice and either 
agreeableness or conscientiousness.
Table 3. Partial correlations between MM experience and NEO-FFI personality traits (controlled for age and 
education level).
Part 3 Mindfulness meditation, personality traits and mindfulness skills
Neuroticism Extraversion Openness Agreeableness Conscientiousness
MM
experience
(months)
-.39* .36* .37* -.09 .02
*p < .05
Mindfulness skills as mediating factors in the relationship between the practice o f  M M  and 
personality
Bootstrapping the indirect pathways in the relationship between the practice o f MM and 
openness using 5000 bootstrap samples (Preacher & Hayes, 2008), describe (point estimate 
(PE) = 1.19; 95% confidence interval (CI): .20 -  3.21) and observe (PE = 3.00; CI: .90 -  
5.87) proved to be significant mediators. Describe (PE = 2.24; CI: .48 -  4.54) and observe 
(PE = 3.14; CI: .40 -  6.44) were shown to be mediators also in the relationship between MM 
practice and extraversion. In the relationship between MM practice and conscientiousness 
describe (PE = 1.96; CI: .49 -  4.38) and act-with-awareness (PE = 1.02; CI: .10 -  2.77) were 
significant mediators. Finally, the mindfulness skills accept-without-judgment (PE = -1.25; 
CI: -3.09 -  -.24) and act-with-awareness (PE = -.90; CI: -2.55 -  -.02) significantly mediated 
the relationship between the practice o f MM and neuroticism (see Figure 1). All the other 
investigated indirect pathways had the value o f 0 included in the 95% confidence interval and 
were not considered significant mediating pathways.
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Figure 1. Mediation of the relationship between the practice of MM and personality by the mindfulness skills 
observe, describe, act-with-awareness and accept-without-judgment.
Discussion
The objectives of the present study were twofold: first, to investigate the relationship between 
the practice of MM and personality traits and second, whether mindfulness skills have a 
mediating role in this relationship. The findings o f a higher level o f openness in the group of 
meditators and the positive relationship between the amount of MM practice and openness 
were in line with earlier research, as several studies showed that openness was positively 
related to facets o f mindfulness (Baer et al., 2004; Baer et al., 2006; Brown & Ryan, 2003). 
Thus, our results associate the practice of MM with higher levels in openness, a trait that is 
characterized by curiosity and receptivity to new experiences (Costa & McCrae, 1992). At 
this point it might be interesting to reflect upon the directionality of the relationship between 
the practice of MM and openness. On the one hand, it is possible that individuals scoring 
higher on openness might be more likely to start and continue with the practice o f MM. 
However, on the other hand, the fact that the practice of MM initiates the voluntary exposure 
to a wide range of thoughts, emotions and experiences suggests that increases in openness 
can be expected due to the practice o f MM. Future longitudinal research is needed to 
definitely resolve this ambiguity.
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The amount o f MM experience was negatively related to neuroticism in the group of 
meditators, which is in line with several other studies that showed facets of mindfulness to be 
negatively related to neuroticism (Baer et al., 2004; Baer et al., 2006; Brown, Ryan, & 
Creswell, 2007). It was surprising that no group difference on neuroticism was found in our 
study. This combination o f results might be explained by the presence o f baseline differences 
between the two groups, i.e., high neurotic people might be more likely to start with a MM  
practice, which in turn lowers the level o f neuroticism over time. As such, a sample o f expert 
meditators might become more akin to a non-meditator sample with respect to the level of 
neuroticism. It would be interesting for future research to investigate this hypothesis. In our 
view, these results are promising as they suggest that the practice of MM might help in 
reducing the experience of negative emotions.
The amount of MM experience was found to be positively related to extraversion, but 
no group difference was observed for extraversion. The positive relationship between the 
amount of MM experience and extraversion on the one hand, but the lack of a group 
difference on the other hand, seems to mirror the neuroticism results. This might actually be 
not so surprising. Whereas neuroticism reflects proneness towards negative emotions, 
extraversion reflects the experience of positive emotions. As such, high scores on neuroticism 
likely coincide with low scores on extraversion and vice versa. This inverse relatedness might 
explain the lack of group differences for both constructs and the reverse relationships of the 
constructs with the amount of MM experience. The positive relationship between the amount 
of MM practice and extraversion is in accordance with the results o f e.g. Brown and Ryan 
(2003) and Baer et al. (2004) and suggests that the practice o f MM is associated with higher 
levels in the experience of positive affect.
Meditators scored significantly lower on conscientiousness than the control 
participants, but the amount of MM experience in the group of meditators was not related to 
conscientiousness. This pattern o f findings suggest that people scoring low on 
conscientiousness might be more likely to start with the practice o f MM. At first instance the 
lower level of conscientiousness in the group of meditators seems somewhat puzzling, since 
one hallmark o f conscientiousness is self-discipline (Giluk, 2009), a factor that is often 
considered essential for the continuity of the MM practice. Further consideration provided us 
with the idea that the level of conscientiousness might develop in a characteristic non-linear 
way over the time of MM practice. In more detail, it seems plausible that people scoring low  
on conscientiousness -  and so are little achievement-oriented (Barrick, Mount, & Judge, 
2001) - might be more attracted to start with the practice of MM, given that the practice
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emphasizes not to focus on goals but rather on the process o f reaching a goal. Then, in order 
to continue the practice, an increase in self-discipline might become essential, leading to 
higher scores on conscientiousness. However, over the time o f practice, being mindful likely 
becomes a way o f life rather than a, sometimes forced, formal practice for which a substantial 
amount o f self-discipline is needed, reducing the level o f conscientiousness again. This 
description might reconcile the results o f Thompson & Waltz (2007) and our results. Namely, 
the positive relationship found in the study by Thompson and Waltz might be explained by 
the fact that only meditators with at most a couple o f years o f MM experience participated, 
reflecting the phase o f increases in self-discipline. In our study, on the contrary, beginning, 
medium experienced as well as expert meditators participated, so no linear relationship 
between the amount o f MM practice and conscientiousness might be expected. Of note, albeit 
not significant, scores were indeed lower for the groups o f beginning and expert meditators as 
compared to the group o f medium experienced meditators in our study, supporting the idea of 
a non-linear development (inverse U-shaped curve) o f conscientiousness over the time of 
MM practice.
Meditators did not score higher on agreeableness than controls and the amount o f MM  
practice was not related to agreeableness in the group o f meditators. These findings are in 
contrast with our predictions as well as with the results from the study o f Thompson and 
Waltz (2007), who found a positive relationship between mindfulness skills and 
agreeableness. Furthermore, these results are not in line with the traditional view from 
Buddhism that the cultivation o f mindfulness is related to greater compassion, for 
agreeableness reflects the characteristics o f warmth and altruism.
The mindfulness skill describe seems an important skill as it was shown to be one of 
the mediators o f the relationship between the practice o f MM and openness, extraversion and 
conscientiousness. It has been suggested that the tendency to describe, label, or note 
experiences by covertly applying words leads to a greater ability to attend to new experiences 
in the present moment instead o f being lost in repetitive cycles o f thought and worry (Baer et 
al., 2004). Accordingly, the ability to describe can be hypothesized to result in a greater 
potential to self-regulate as opposed to react impulsively or habitually (Shapiro et al., 2006). 
In light o f these descriptions it makes sense why the mindfulness skill describe plays an 
important role in the relationship between the practice o f MM and openness-to-experience, 
extraversion and conscientiousness.
The mindfulness skill accept-without-judgment was shown to mediate the relationship 
between the practice o f MM and neuroticism, which is a personality factor that is strongly
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and inversely related to psychological well-being. There seems clear ground for the idea that 
to accept-without-judgment plays an important role in the relationship between the practice of 
MM and neuroticism, as to accept-without-judgment is to refrain from applying evaluative 
labels such as good/bad, right/wrong, or worthwhile/worthless and to allow reality to be as it 
is without attempts to avoid, escape, or change it (Baer et al., 2004). Interestingly, in line with 
our results, in a recent study the substantial negative relationship between mindfulness and 
anxiety and depression was completely due to the acceptance factor o f the mindfulness 
construct (Kohls et al., 2009). Thus, results o f the current study seem to add evidence to the 
view that the development o f the mindfulness skill accept-without-judgment is a key 
mechanism for improving psychological well-being. In addition, our findings extend this 
view to the healthy population by showing the important mediating role in a healthy 
population. It might be insightful for clinical studies as well as for prevention studies to focus 
on this factor.
One o f the limitations o f our study is the fact that our study was cross-sectional by 
nature, which places limits on the interpretation. Longitudinal research is needed to 
investigate whether a causal relationship exists between the practice o f MM, the resulting 
cultivation o f mindfulness skills and corresponding changes in personality. In addition, all of 
our data was self-report, enabling the potential for single source bias. It would be interesting 
for future research to investigate whether the pattern o f results observed in our study is also 
obtained with the use o f multiple other and externally verifiable sources such as family 
members and friends. We would also like to mention the fact that our proposed mediation 
models probably do not cover the complete relationship between the practice o f MM, 
mindfulness skills and personality traits. Part o f the story also might be that people with 
certain personality traits are more likely to start a MM practice, which in turn leads to the 
cultivation o f mindfulness skills. Nevertheless, the results o f our study provided clear 
evidence to support the hypothesized relationship between the practice o f MM, mindfulness 
skills and personality, as reflected by the plausible and specific mediating pathways that were 
found. Future research with meditation naive participants who are at the beginning o f their 
MM practice might be insightful regarding personality traits characteristic o f people that are 
interested in meditation. Finally, the number o f participants (N = 70) in our study might be 
considered relatively low, resulting in a possible power problem. Power analysis revealed that 
the power value was .89 for the MANOVA on NEO-FFI personality factor scores. This 
power value shows that the number o f participants in our study was large enough to detect 
differences on NEO-FFI personality factors.
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The results o f this study reveal a relationship between the practice o f MM and 
personality traits. In more detail, the practice o f MM was shown to be positively related to 
openness-to-experience and extraversion and negatively related to neuroticism and 
conscientiousness. Thus, the results o f the current study associate the practice o f MM with 
higher levels o f curiosity and receptivity to new experiences and experience o f positive affect 
and with less proneness towards negative emotions and worrying and a reduced focus on 
achievements. Furthermore, evidence was provided for the idea that specific mindfulness 
skills play a mediating role in the relationship between the practice o f MM and personality 
traits.
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In recent years mindfulness has been viewed as a set o f traits as well as a set o f learnable 
skills. Especially in clinical practice it is assumed that mindfulness is a learnable skill which 
facilitates the process o f overcoming certain psychological disorders. Nonetheless, 
compelling evidence for the view that mindfulness can be seen as a set o f learnable skills in a 
healthy population is absent. For this reason, we investigated the relationship between the 
practice o f mindfulness meditation and mindfulness skills in a healthy sample o f experienced 
mindfulness meditators. Since both the duration and the intensity o f the mindfulness practice 
were positively related to scores on the observe, act-with-awareness and accept-without- 
judgment factors o f the Kentucky Inventory o f Mindfulness Skills, this study provides 
preliminary evidence to suggest that these components o f mindfulness can indeed be seen as 
learnable skills. Still, longitudinal research is needed to directly relate the practice of 
mindfulness to changes in scores on mindfulness factors.
Chapter 9
Mindfulness: a set of learnable skills?
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Introduction
Over the last decades there has been an exponential increase in the research on and clinical 
application o f mindfulness meditation (MM) (Baer, 2003; Grossmann, Neimann, Schmidt, & 
Walach, 2004; Kabat-Zinn, 2003). Among others, MM has been related to improvements in 
attention (Slagter et al., 2007; Van den Hurk et al., 2010a) and positive mood states 
(Davidson et al., 2003; Jain et al., 2007). Moreover, improvements across a wide variety of 
psychological and physical symptoms have been observed after treatment with mindfulness- 
based interventions such as mindfulness-based cognitive therapy (MBCT) (Brown, Ryan, & 
Creswell, 2007; Kabat-Zinn, 2003; Teasdale et al., 2000). Mindfulness can be described as a 
specific way o f paying attention, i.e., intentionally being attentive to both external and 
internal experiences from moment-to-moment in a non-judgmental way (Kabat-Zinn, 1996). 
Although this description o f mindfulness has often been used, consensus about the 
operationalization o f the concept o f mindfulness is still absent. This lack o f consensus is 
reflected in the different psychological constructs that have been proposed for the concept of 
mindfulness (Bishop et al., 2004; Shapiro et al., 2006). As a corollary, over the years, half a 
dozen questionnaires have been developed with the aim to obtain a tool to measure 
mindfulness. For example, Baer et al. developed the Kentucky Inventory o f Mindfulness 
Skills (KIMS; Baer et al., 2004) and the Five Factor Mindfulness Questionnaire (FFMQ; 
Baer et al., 2008), whereas Brown and Ryan developed the Mindful Attention and Awareness 
Scale (MAAS; Brown & Ryan, 2003) and Grossman and others in turn developed the 
Freiburg Mindfulness Inventory (FMI; Buchheld, Grossmann, & Walach, 2001).
When inspecting the different conceptualizations o f mindfulness and the different 
mindfulness questionnaires, a pattern becomes apparent. Namely, mindfulness has been 
viewed as a set o f traits, as well as a set o f learnable skills. For example, in their attempt to 
conceptualize mindfulness, Brown and Ryan (2003) considered mindfulness to be a trait. In 
other words, they assumed that some people are naturally more mindful than others. On the 
contrary, the view o f mindfulness as a set o f learnable skills has been especially dominant in 
the development o f the KIMS and FFMQ. The view o f mindfulness as a set o f learnable skills 
seems also an implicit assumption underlying the mindfulness-based therapies. This 
assumption seems validated by recent research showing increases in scores on mindfulness 
factors in clinical samples after mindfulness-based trainings (Carmody & Baer, 2008). In 
healthy subjects, however, remarkably few studies have reported on a significant relationship 
between MM training and scores on mindfulness factors (Baer et al., 2008; Falkenstrom, 
2010). Therefore, to date, the view o f mindfulness as a set o f learnable skills cannot be
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generalized to the healthy population. Accordingly, in a recent meta-analysis it was stressed 
that this fundamental question -  whether the concept o f mindfulness can be seen as a set of 
learnable skills - still needs to be answered 2009).
We reasoned that if  mindfulness were to be seen as a set o f learnable skills, the 
following hypotheses should be confirmed: 1) meditators score higher on mindfulness factors 
after an intensive MM retreat, 2) experienced meditators score higher on mindfulness factors 
than non-meditators, and 3) the amount o f MM practice is positively related to scores on 
mindfulness factors. Whereas investigation o f the first hypothesis is both essential and 
sufficient to answer our main research question, investigation o f the second and third 
hypothesis is not. We included the latter two research hypotheses, however, in order to 
further explore the relationship between the practice o f MM and changes in scores on 
mindfulness factors.
Methods
Participants and procedure
This study was part o f a larger research project on long-term effects o f mindfulness 
meditation. A total o f 59 mindfulness meditators (mean age = 47.9, SD = 9.6; 21 male), and 
59 age-, gender- and ethnicity-matched control subjects with no meditation experience at all 
(mean age = 47.3, SD 9.7; 21 male) participated in this study. All subjects were Caucasian. 
None o f them had any known psychological or neurological deficits.
Meditators were recruited via ‘Stichting Inzichtsmeditatie (SIM, English: Foundation 
for Insight Meditation))’, a Dutch organization which main purpose is to promote further 
practice o f MM. The mean amount o f MM experience was 9.3 (SD 9.2) years, with a range of 
0.25 -  35 years. Regular MM practice varied from 1 to 7 days per week and from 10 -  60 
minutes per session. Two different groups o f meditators were tested in this study: 1) 
meditators who participated in a computerized, cognitive psychological experiment and 
visited the lab in the mindfulness centre in Nijmegen, and 2) meditators who were tested just 
before the start o f an intensive meditation retreat and directly after. A retreat is a period of 
secluded, continuous, and intensive group practice o f meditation. In this study, the retreats 
had a duration varying from 8 -  11 days. Meditation instructions were similar across retreats 
and all retreats were in the form according to the Vipassana (i.e., Insight, mindfulness) 
tradition. As such, mindfulness meditation was practiced, which is composed o f both 
concentration meditation (samatha) and insight (Vipassana) meditation. Whereas during
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samatha meditation the practitioner is trained to maintain focus on an object for a 
(theoretically) unlimited period o f time, during Vipassana meditation a typical kind o f meta­
awareness is trained (Teasdale et al., 1995). Retreats were held in meditation centers in the 
Netherlands and were led by teachers with long-term MM experience and extensive 
experience with teaching MM. Data o f the first group was combined with data o f the first 
measurement (i.e. before retreat) o f the second group to form the cross-sectional dataset. Of 
note, no differences in scores on mindfulness factors were observed between these groups. 
Post-retreat data o f the second group was used for the longitudinal analysis. Likewise, the 
control group consisted o f two subgroups, one to form the cross-sectional dataset and the 
other to form the longitudinal dataset. The subgroup o f the control group that matched the 
retreat subgroup o f the meditators was also tested twice with 8 -  11 days in between.
Material
In order to probe the scores on different mindfulness factors, subjects completed the validated 
Dutch version o f the Kentucky Inventory o f Mindfulness Skills (KIMS; Baer et al., 2004; 
Dekeyser, Raes, Leijssen, Leysen, & Dewulf, 2008). The KIMS consists o f 39 items and four 
scales, quantifying the factors observe (a = .89), describe (a = .89), act-with-awareness (a = 
.75), and accept-without-judgment (a = .87). Mindful observation is being attentive to 
internal and external phenomena (e.g., thoughts, emotions, smells or sounds; “I pay attention 
to sensations, such as the wind in my hair or sun on my face”). Mindful description is the 
immediate, non-judgmental labeling o f observations, without conceptual analysis (e.g., “I can 
easily put my beliefs, opinions, and expectations into words”). To act-with-awareness is to 
fully engage in a current activity with undivided attention (e.g., “I tend to do several things at 
once rather than focusing on one thing at a time”). And to accept-without-judgment is to be 
non-evaluative about ones experiences in the present moment (e.g., “I tend to evaluate 
whether my perceptions are right or wrong”). Next to the KIMS, each participant filled in an 
informed consent form.
Furthermore, meditators were asked for their amount o f MM practice: expressed in 
years, days per week and minutes per session. On the basis o f the number o f years o f MM 
experience, the age o f start with MM was determined. We did not include an overall measure 
of the amount o f MM practice in hours because o f the difficulty in obtaining a reliable 
estimate. Subjects indicated that the frequency (times/week) as well as the intensity 
(minutes/session) o f their MM practice had varied significantly over the years.
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Statistical analyses
Before running statistical tests, distributions were tested for normality. Only the variable 
meditation experience (in years) appeared to deviate from a normal distribution and was log- 
transformed.
The first hypothesis, which predicts increased scores on mindfulness factors after 
retreat, was tested with repeated-measures MANOVA in which group (meditator versus 
control) was designated as the between-subject factor, time (pre versus post) as within- 
subject factor and the four mindfulness factors as dependent variables. The second 
hypothesis, which predicts higher scores on mindfulness factors for the group o f meditators, 
was tested with MANOVA in which group (meditator versus control) was designated as 
between-subject factor and the four mindfulness factors as dependent variables. The third 
hypothesis -  i.e., the amount o f MM practice is positively related to scores on mindfulness 
factors -  was tested with correlation analyses, restricted to the group o f meditators. The 
amount o f MM practice was quantified in three different ways: in years, in days per week and 
in minutes per session. This was done in order to obtain insight in the role o f the duration, 
frequency and intensity o f the practice, respectively. Furthermore, considering the greater 
ability o f learning in young adults (Hertzog & Dunlosky, 2004; Kausler, 1994), it might be 
easier for this group to cultivate certain aspects o f mindfulness as compared to a group of 
older adults. For this reason, we predicted to find stronger correlations between the amount of 
MM practice and scores on mindfulness factors in a group that started the MM practice at a 
relatively young age. Differences in the strength o f these relationships between groups were 
tested using the method developed by van Son (van Son, 1996). In order to test this 
hypothesis we divided the group o f meditators according to the median age o f start, i.e. 38 
years. The group that started meditating before the age o f 38 (young age group) included 11 
males and had an average age o f 43.1 years. The amount o f MM practice in this group ranged 
from 0.25-35 years, from 1-7 days per week and from 10-60 minutes per session. The group 
that started the MM practice above the age o f 38 (old age group), consisted o f 9 males and 
had an average age o f 52.7 years. The amount o f MM practice ranged from 0.25-17 years, 
from 1-7 days per week and from 15-60 minutes per session.
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Results
Scores on mindfulness factors after intensive mindfulness retreat
Surprisingly, repeated-measures MANOVA did not reveal a significant overall difference in 
changes in mindfulness scores between the retreat and control group, p > .1.
Differences between meditators and non-meditators
MANOVA revealed a significant overall difference between groups in scores on mindfulness 
factors, F (4,108) = 18.96; p < .001; R2 = .41. Post-hoc ANOVAs showed significant 
differences on the factors observe and describe, indicating that meditators score higher on 
these mindfulness factors than non-meditators (see Table 1). Surprisingly, no differences 
between the groups were observed for act-with-awareness and accept-without-judgment.
Table 1. For each mindfulness factor, the mean (SD) per group and univariate F-values, p-values and R2, testing 
for differences between meditators and non-meditators, are shown.
Mindfulness factor
Meditators 
(N = 59)
Non-meditators 
(N = 59)
F-value P-value R2
Observe 41.1 (7.0) 30.7 (7.1) 61.14 .000 .36
Describe 31.5 (5.3) 27.3 (6.7) 13.78 .000 .11
Act-with- awareness 33.5 (5.4) 32.3 (4.5) 1.52 .217 .01
Accept-without- judgment 37.1 (5.1) 35.4 (5.8) 2.71 .103 .02
Relationship between amount o fM M  practice and scores on mindfulness factors 
Table 2 shows the results o f the partial correlation analysis, limited to the group o f meditators 
and controlled for age, in which the amount o f MM practice (in years/days per week/minutes 
per session) was related to the scores on the four mindfulness factors. In line with the 
findings o f Falkenstrom (2010), results showed a positive correlation between the amount of 
MM practice in years and scores on the accept-without-judgment factor, r = .45, p < .01. In 
contrast with Falkenstrom, however, we also found significant relationships between the 
amount o f MM practice in years and scores on observe, r = .30, p < .05, and scores on act- 
with-awareness, r = .30, p < .05. Also the amount o f MM practice in minutes per session was 
related to scores on the observe, r = .42, p < .01, act-with-awareness, r = .46, p < .001, and 
accept-without-judgment, r = .28, p < .05, mindfulness factors. No significant relationships
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were found between the amount o f MM practice in days per week and scores on any o f the 
mindfulness factors.
Table 2. Partial correlations between amount of MM practice and scores on mindfulness factors, controlled for 
age.
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Amount of 
MM practice
Observe Describe
Act-with-
awareness
Accept-without-
judgment
Years .30 * .16 .30 * .45 **
Days per week -.02 .08 -.01 -.21
Minutes per session 42 ** .11 46 *** .28 *
Note. Number o f  observations varied from  52 to 55 due to missing values and outliers. 
* p < .05; ** p < .01; *** p < .001
The role o f  age at which meditation practice was started
Table 3 shows a positive relation between the amount o f MM practice in minutes per session 
and scores on the observe factor in the young age group. This relationship was absent in the 
old age group and the strength o f the correlation was significantly higher in the young age 
group (p < .05). A similar pattern was shown for the relationship between the amount o f MM 
practice in years and scores on the accept-without-judgment factor, as a positive relation was 
present in the young age group, while no relation was observed in the old age group. 
However, no difference in the strength o f the relationships was found (p > .1), probably due 
to the low amount o f subjects (n varied from 23 to 26). Scores on the act-with-awareness 
factor were, in both groups, related to the amount o f MM practice in minutes per session and 
no difference in the strength o f the relationship was present (p > .5). Scores on the describe 
factor were not related to the amount o f MM practice, either expressed in years, minutes per 
session or days per week.
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Table 3. Partial correlations (controlled for age) between amount of MM practice and scores on mindfulness 
factors, separately depicted for the young and old age group
Amount of 
MM practice
Observe Describe
Act-with-
awareness
Accept-without-
judgment
Age <=38
Years .22 .14 .12 .40 *
Days per week .16 .33 -.04 -.32
Minutes per session .60 ** .10 .38 * .15
Age >38
Years .12 .32 .36 .19
Days per week -.32 -.15 .01 -.19
Minutes per session .16 .12 .53 ** .35
Note. Number o f  observations varied from  23 to 26 due to missing values and outliers.
* p < .05; ** p < .01 
Discussion
The aim of this study was to investigate whether the psychological construct o f mindfulness 
can be viewed as a set of learnable skills in a healthy population. The current findings do not 
provide a consistent view for the different mindfulness factors, so results o f the different 
factors will be discussed separately.
Scores on the observe factor were higher in the group o f meditators and increased 
with the amount o f MM practice (in years as well as minutes per session). Interestingly, the 
positive relation between the amount o f MM practice in minutes per session and scores on the 
observe factor was stronger (and only present) in the group that started meditating at a 
relatively young age. This pattern o f results suggests that the factor observe can be viewed as 
a learnable skill, which can be cultivated (especially early) in life.
Meditators scored higher on the describe factor, but scores were not related to the 
amount o f MM practice. These results suggest that the ability to describe can best be viewed 
as a trait and not as a learnable skill that is cultivated by practice. However, it is interesting to 
note that the labeling o f experiences is an act typical for the very beginning o f a meditation 
practice and usually not to be cultivated throughout the course o f a lifetime practice. This 
might explain why the difference between groups, but not a positive relation with the amount 
of MM practice, was observed. Future research is needed to determine whether the difference 
between groups reflects the result o f trait.
No differences between meditators and matched non-meditators in scores on the act- 
with-awareness factor were found. However, a positive relation between the amount o f MM
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practice (in years and minutes per session) and act-with-awareness scores was found. This 
positive relationship was found for the group that started meditating at a relatively young age 
as well as for the group that started at a later age. No difference in the strength o f the 
relationships between groups was present. These results suggest that to act-with-awareness 
can best be viewed as a learnable skill. Remarkable is the lack o f a group difference, which 
seems not due to the inclusion o f an invalid control group as the control group was carefully 
matched to the group o f meditators. Altogether, these findings suggest that meditators might 
score lower on act-with-awareness than matched non-meditators before start o f the MM 
practice.
Scores on the accept-without-judgment factor were not different between meditators 
and matched non-meditators. However, a positive relation was found between the amount of 
MM practice (in years and minutes per session) and scores on accept-without-judgment. 
Interestingly, this positive relation was only found in the group that started at a young age 
with MM, suggesting that the ability to accept-without-judgment is best cultivated at a 
relatively early stage in life. However, no significant difference in the strength o f the 
relationship was present. Thus, it seems that the ability to accept-without-judgment can be 
viewed as a learnable skill. The lack o f a group difference suggests that meditators might 
score lower before start o f the MM practice.
To summarize, it seems that the observe, act-with-awareness and accept-without- 
judgment factors can be viewed as learnable skills. These findings fit very well in the pattern 
of results obtained from clinical samples, as several clinical studies have shown increases in 
scores on mindfulness factors after mindfulness-based interventions (Carmody & Baer, 
2008). These increased scores on mindfulness factors seem to reflect training-effects, 
suggesting the factors to represent learnable skills. It is interesting to see that the number of 
years as well as the minutes per session are related to the scores on the three mindfulness 
factors that might best be viewed as learnable skills. These findings suggest that the duration 
of the MM practice as well as the intensity o f the session play an important role in changes in 
scores on mindfulness factors. The lack o f a significant relation between the amount o f MM 
practice expressed in days per week and scores on the mindfulness factors is surprising and 
might be due to the difficulty in providing a reliable estimate o f this quantification. On the 
contrary, years and minutes per session might be quantifications for which a more accurate 
estimate can be obtained. The fact that in our study for three o f the four mindfulness factors a 
significant relationship with the amount o f MM practice was observed, might be due to the
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relatively large sample o f meditators that was studied, in which a considerable variability in 
the amount o f MM practice was present.
Importantly, since no increases in scores were seen after the retreat, we have to be 
careful in concluding that the three mindfulness factors, referred to above, can be viewed as 
learnable skills. It is o f interest that in the study by Falkenstrom (2010) also no changes in 
scores for three o f the four KIMS mindfulness factors were found after a retreat 
(Falkenstrom, 2010). However, in the study by Falkenstrom changes were seen with the 
FFMQ. This combination o f results led Falkenstrom to suggest that the FFMQ might be more 
sensitive to changes in mindfulness scores than the KIMS. The lack o f increases in 
mindfulness scores in our study might also be related to the remark o f Grossman, as he 
referred to indications that among meditators the extent o f meditation experience may alter 
meaning o f words or items (Grossmann, 2008). More specifically, Grossman observed that 
the factor structure o f the FMI changed somewhat, within the same group o f highly 
experienced meditators, from just before to just after retreats o f 3 to 10 days. These findings 
suggest that even relatively short-term, but intensive, mindfulness practice may alter how 
items in a mindfulness questionnaire are understood. Finally, the lack o f significant increases 
in scores on mindfulness factors might be due to the fact that the retreats represent relatively 
short training periods. Thus, it might be that no changes in scores on mindfulness factors 
should be expected over the course o f such a short MM program.
To conclude, this seems the first study in which a specific attempt was made to 
answer the fundamental question whether the construct o f mindfulness, as conceptualized by 
Baer et al. (Baer et al., 2004), can be viewed as a set o f learnable skills. Our findings provide 
preliminary evidence to suggest that the abilities to observe, to act-with-awareness and to 
accept-without-judgment can indeed be seen as learnable skills. Still, longitudinal research, in 
which meditating subjects are studied over the course o f several years, is needed to directly 
relate the practice o f MM to increases in scores on mindfulness factors, providing conclusive 
evidence for the causal relationship.
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Summary and conclusion
The studies described in this thesis are the result o f my PhD research on the practice of 
mindfulness meditation. The aim of this research was to investigate the relationship between 
the practice o f mindfulness meditation and associated changes in cognition, affect and 
personality. Only over the last decade significant progress has been made in this nearly 
unexplored research area. A crucial event for the boost in the research on the effects o f the 
practice o f mindfulness meditation has been the introduction o f mindfulness meditation based 
interventions. It was Jon Kabat-Zinn who started with the application o f the mindfulness 
based stress reduction (MBSR) program to reduce stress and pain. MBSR was developed by 
abstracting the practice o f mindfulness meditation from its Buddhist context, enabling the 
practice o f a pure form of mindfulness meditation without explicit philosophical and religious 
premises. Since that time there has been an enormous growth in the application o f the 
practice o f mindfulness meditation, and by now this practice has been associated with 
positive effects on a wide spectrum of psychological and psychosomatic disorders. However, 
scientific research on the specific effects o f the practice o f mindfulness meditation and the 
working mechanisms that subserve the beneficial outcomes seems still largely missing. The 
aim of the research described in this thesis was to investigate these effects and working 
mechanisms. More specifically, the studies reflect our attempt to describe the relationship 
between the practice o f mindfulness meditation and changes in cognition, affect and 
personality at the behavioral, neurophysiological and psychometric level.
Mindfulness meditation and changes in attention
In the second chapter the cross-sectional study is described in which a group o f healthy, 
experienced mindfulness meditators showed different results on a task probing attention -  
attentional network test; ANT -  than a group o f healthy participants o f the same age, gender 
and ethnicity without any experience with the practice o f mindfulness meditation. One o f the 
components o f attention on which the groups differed was the flexibility in the orienting of 
attention. The degree o f flexibility in the orienting o f attention is measured in the ANT by 
determining the difference in reaction time (RT) or error score (ES) between the condition in 
which the participant is told in advance o f the presentation o f the stimulus to which location 
attention should be paid and the condition in which the participant can direct attention to the
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location o f the stimulus only at the time the stimulus is presented. Thus, in case the 
participant is informed in advance about the location there is enough time to direct attention 
to the location where the stimulus will be presented, whereas in case no preceding 
information was provided attention could only be directed after onset o f the stimulus. As 
such, the difference in either RT or ES between these conditions is considered to reflect the 
degree o f flexibility in the orienting o f attention: the bigger the difference the less flexible the 
orienting o f attention. This difference was smaller for the group o f experienced meditators, 
suggesting a more flexible orienting o f attention. The second component o f attention on 
which the groups differed was executive attention. This component reflects the ability to 
focus attention on relevant information in the environment and not to be distracted by 
irrelevant, distracting information. In the ANT this component is measured by determining 
the difference in either RT or ES between the condition in which a congruent stimulus -  of 
which all elements share the same and right information -  is presented and the condition in 
which an incongruent stimulus -  o f which most o f the elements provide wrong, distracting 
information - is shown. The bigger the difference the more difficult it is for a participant to 
focus on the relevant information and to suppress the processing o f irrelevant, distracting 
information. The group with mindfulness meditation experience also showed a smaller 
difference on this component, suggesting an improved executive attention. The third 
difference that was described is not related to a specific component o f attention, but rather 
reflects the overall efficiency in the processing o f the stimulus. Namely, the group of 
mindfulness meditators made, irrespective o f the specific length o f RT, less errors than the 
group o f control participants for responses with equal RT. This seems a very interesting 
finding, as it suggests that there is less ‘noise’ in the processing stream of the stimulus in the 
group with mindfulness meditation experience.
It is important to note that the results described above have been obtained by means of 
cross-sectional research. This means that two or more groups are being compared at one 
(random) time point. Why is it important to mention this fact? In case o f cross-sectional 
research the possibility exists that other differences between groups than the difference of 
interest, in our case experience with the practice o f mindfulness meditation, actually explain 
the difference in the outcome parameter o f interest. For example, in the cross-sectional 
research described above, the differences in attentional processing might be explained by 
differences in other factors than mindfulness meditation. These differences in other factors 
might even predict whether one starts with the practice o f mindfulness meditation. Even 
more, the possibility that people with specific improvements in attention are more likely to
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start with a mindfulness meditation practice cannot be excluded. Thus, it cannot be concluded 
from the study described above that the observed differences in attention are due to the 
practice o f mindfulness meditation.
The study described in chapter 3 reflects our attempt to provide more compelling 
longitudinal evidence for the relationship between the practice o f mindfulness meditation and 
improvements in attention. In this study the performance on the ANT of a group of 
mindfulness meditators just before and right after a retreat (period o f intensive mindfulness 
meditation at a quiet location) was compared to the performance on the ANT of a matched 
control group, which was also tested twice. Because o f our interest in the role o f the amount 
of mindfulness meditation experience the retreat group was split up in two groups according 
to the median amount o f experience. Also the control group was split up in two groups so that 
the meditator - matched control participant pairs were kept intact. A more flexible orienting 
of attention was found in the group o f highly experienced meditators, but not in the group 
with the smaller amount o f experience. The more flexible orienting o f attention was observed 
after the retreat and not before, which suggests that there is a causal relationship between the 
practice o f mindfulness meditation and a more flexible orienting o f attention. An improved 
executive attention was not found in this study. This null finding might be explained by the 
fact that it is a specific group o f people that participates in a retreat. In analogy with the 
cross-sectional study, a greater efficiency in the processing o f the stimulus was found in the 
group o f meditators, but only in the highly experienced meditators before the start o f the 
retreat. The fact that only in the highly experienced meditation group improvements in 
attention were found seems to point to the importance o f the amount o f mindfulness 
meditation experience. However, it is important to note that on the basis o f the results o f this 
study we cannot conclude that there is a causal relationship between the practice of 
mindfulness meditation and improvements in attention. To provide conclusive evidence for a 
causal relationship a study is needed in which people without any prior experience with 
mindfulness meditation are randomly assigned to a group that will practice mindfulness 
meditation (for a long time) and a group that will not engage in mindfulness meditation.
So far, the relationship between the practice o f mindfulness meditation and changes in 
attentional processing has been described by probing the performance o f participants on an 
attention task like the ANT. Therefore, the analyses have been restricted to behavioral 
outcome measures. It is o f course very interesting to investigate which changes in neural 
activity subserve these effects on attentional processing. The research, described in chapter 4, 
was specifically aimed at determining the neural mechanisms responsible for the more
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flexible orienting o f attention. Since modulations in alpha activity (activity in the brain with a 
specific rhythm, 8-14 Hz, that has been related to the inactivation or blockade o f the specific 
brain region in which it is observed) in the occipital and parietal lobes (brain areas that lie in 
the back and upper parts o f the head) have consistently been associated with the orienting of 
visual attention in recent years, the focus of the research was on changes in these oscillations. 
In addition, it was investigated whether improvements in the orienting o f attention were 
associated with enhanced processing o f a stimulus. It was interesting to see that meditators 
showed a stronger reduction in alpha activity after a cue signaling only that the stimulus was 
about to be presented (timing information), but also after a cue providing time and spatial 
information (where the stimulus would be presented). In the latter case, meditators showed a 
stronger location dependent modulation of alpha activity, expressed in a lateralization index 
of alpha activity (alpha activity in right hemisphere versus alpha activity in left hemisphere). 
These results suggest that the neural mechanism subserving the orienting o f attention is 
enhanced, improved in meditators. In line with these results, it was expected that the 
processing of the stimulus would be improved. This would be shown by a stronger brain 
signal when perceiving the stimulus. This stronger brain signal was indeed observed for the 
group o f mindfulness meditators in both the cue conditions. In addition, a trend towards a 
significantly stronger location dependent modulation of this brain signal was observed in the 
meditation group. Thus, both the orienting o f attention as well as the processing o f the 
stimulus were improved (in a similar, consistent way) in the mindfulness meditators.
The research described so far shows that the practice of mindfulness meditation is 
associated with improvements in different aspects o f attention. This was one o f the reasons to 
investigate whether improvements in attention are also observed when participating in 
mindfulness based interventions. Over the last three decades there has been a large increase 
in the application o f these interventions, o f which MBSR and MBCT are the most familiar 
examples. MBCT has been specifically developed for people suffering from recurrent 
depressions and research findings on the efficacy of the intervention have been promising by 
showing a 50% reduction in relapse rates during the first year after MBCT. The insight that 
attention plays a central role in the pathology of depression is another main reason to 
investigate whether improvements in attention are associated with the intervention and 
whether these improvements can help in explaining the promising beneficial effects. In the 
randomized clinical trial, described in chapter 5, no differential improvements in attention 
were seen after MBCT. However, decreases in depression symptoms and rumination and 
increases in mindfulness skills were seen. This combination o f results led to the hypothesis
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that another component than attention might play a mediating role in the efficacy o f the 
relatively short-term mindfulness based intervention MBCT.
Mindfulness meditation and changes in affect
Another component than attention that might contribute to the efficacy o f MBCT and is likely 
affected by the practice o f mindfulness meditation is affect. In chapter 6 a study is described 
in which a group o f people with mindfulness meditation experience was compared to a group 
without experience on the processing emotional facial expressions. In this study participants 
were instructed to press a button as fast as possible when seeing a facial expression belonging 
to a specific category (‘go’ category) and to withhold responses to a facial expression 
belonging to another category (‘no-go’ category). This resulted in a mean RT to facial 
expressions belonging to the go category and a mean percentage o f errors for facial 
expressions belonging to the no-go category. An interesting finding was that the group of 
meditators showed a smaller increase in RT from negative (fearful) facial expressions to 
neutral facial expressions as compared to the control group. Different theories exist to explain 
the increase in RT to negative facial expressions and one o f these proposes that negative 
stimuli have the potential to trigger a ruminative response (extended, repetitive analysis), 
leading to a longer RT. This theory provides a good explanation for why depressed 
individuals show an exaggerated increase in RT to negative stimuli. From the perspective of 
this theory the smaller increase in RT to negative facial expressions in the group of 
meditators suggests that this group is less influenced by the potential o f the negative stimulus 
to trigger a ruminative response. Another research finding was that the meditators showed a 
larger increase in erroneous responses (false alarms) from negative facial expressions to 
positive (happy) facial expressions. This result suggests a more positive mood in the group of 
meditators as a positive mood has been suggested to explain the increase in false alarms to 
positive stimuli in healthy individuals. Altogether, these results suggest that the practice of 
mindfulness meditation might affect the processing o f emotional stimuli, possibly via the 
induction o f a more positive mood.
In chapter 7 a study is described in which a group o f mindfulness meditators was 
compared to a group o f matched controls with respect to reactivity in low-level, bottom-up 
processing. Bottom-up processes are involved in the very first, mostly unconscious 
processing o f a stimulus. An example o f a bottom-up process is intersensory facilitation, 
which refers to the phenomenon that RT to a stimulus presented in one modality (e.g., visual)
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is shortened when another stimulus is presented (almost) simultaneously in another modality 
(e.g., auditory). To investigate intersensory facilitation effects the comparison was made 
between the condition in which a visual stimulus was accompanied by an auditory stimulus of 
normal intensity and the condition in which the visual stimulus was accompanied by an 
auditory stimulus o f high intensity (just below the pain threshold). The difference between 
these conditions is considered to reflect the size o f the effect o f intersensory facilitation. The 
size o f the intersensory facilitation effect was smaller in the group of meditators, which 
suggests that their behavior is less affected by more unconscious, bottom-up processes. It is 
well known that more conscious, top-down processes can influence such low-level, bottom- 
up process as intersensory facilitation. For example, shifting attention from one modality to 
another can result in smaller intersensory facilitation effects. In order to also study 
differences in the influence o f these top-down processes on intersensory facilitation effects 
(in our case differences in attentional processing), the condition with a visual warning 
stimulus was compared to the condition without a visual warning stimulus. In the condition 
without a visual warning stimulus attention can be divided among both the visual and 
auditory modality, whereas in the condition with a visual warning stimulus attention is drawn 
mostly to the visual modality. This will result in reduced intersensory facilitation effects 
caused by the auditory stimulus. Results o f the study showed that the decrease in intersensory 
facilitation effects was smaller in the group o f meditators, which suggests that meditators are 
better in dividing attention among different modalities. In summary, the results o f this study 
suggest that the behavior o f mindfulness meditators is less affected by more unconscious, 
bottom-up processes and that they are better in dividing attention among modalities.
Mindfulness meditation, personality traits and mindfulness skills 
An interesting question about the effects o f mindfulness meditation is whether the practice is 
associated with changes in personality and how these changes occur. In the questionnaire 
study described in chapter 8 mindfulness meditators scored higher on the personality trait 
openness-to-experience and lower on conscientiousness. In addition, positive relationships 
between the number o f months o f mindfulness meditation experience and openness and 
extraversion were found and a negative relationship between the amount o f practice and 
neuroticism was found. These results show that the practice o f mindfulness meditation is 
associated with an increase in the openness to new experiences and extraversion (reflecting 
the experience o f positive emotions) and a reduction in neuroticism (reflecting the experience
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of negative emotions). The cultivation o f specific mindfulness skills was shown to mediate 
the relationship between the practice o f mindfulness meditation and personality traits. One of 
the mindfulness skills that was shown to be an important mediator in the relationship between 
mindfulness meditation and neuroticism was to accept-without-judgment. This finding is 
perfectly in line with results obtained in clinical studies in which reductions in depressive 
symptoms are seen and explained by an increase in the ability to accept-without-judgment. 
The practice o f mindfulness meditation and the cultivation o f mindfulness skills seems to 
have a positive influence on personality structure. However, it is important to note that also 
this study was cross-sectional and longitudinal research is needed to show the causal 
relationship between the practice o f mindfulness meditation, the resulting cultivation of 
mindfulness skills and changes in personality traits.
In chapter 9 the psychometric research is described in which it was investigated 
whether mindfulness can best be seen as a set o f learnable skills. In order to investigate this 
research question differences in mindfulness skills between a group o f experienced 
mindfulness meditators and matched controls were probed. In addition, the relationship 
between the amount o f mindfulness meditation practice and mindfulness skills was 
investigated. Finally, increases in mindfulness skills due to participation in a retreat were 
probed. The group o f mindfulness meditators scored higher on the skills observe and 
describe. The duration (years) and intensity (minutes per session) were shown to be positively 
related to the skills observe, act-with-awareness and accept-without-judgment. It was 
surprising not to find differential increases in mindfulness skills after the retreat. This might 
be because o f the fact that the interpretation o f items (single questions in a questionnaire) can 
change due to participation in the retreat. Altogether, the results o f this study seem to suggest 
that mindfulness can best be seen as a set o f learnable skills. However, yet again, longitudinal 
research, preferably with meditation naïve subjects, is needed to provide conclusive evidence 
for these preliminary hypotheses.
Synthesis
The research findings described above together with related research findings published in 
recent years triggered me, albeit cautiously, to give a preliminary, yet seemingly consistent 
picture o f the relationship between the practice o f mindfulness meditation and changes in 
cognition, affect and personality (see figure 1). Central to this picture are the concepts of 
rumination and positive emotions. On the one side, there is accumulating evidence for the
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Figure 1. Schematic overview o f the relationship between concepts being associated with the 
practice o f mindfulness meditation.
view that the practice o f mindfulness meditation is associated with a more positive mood and 
an increase in the experience o f positive emotions (Davidson et al., 2003; Jain et al., 2007; 
Schroevers & Brandsma, 2010; Van den Hurk et al., 2011d). This has been shown by an 
improved mood after a short-term mindfulness training (Schroevers & Brandsma, 2010) and 
a positive relationship between the amount o f mindfulness meditation experience and the 
experience o f positive emotions (Van den Hurk et al., 2011d), among others. On the other 
side, an increasing number o f studies, especially clinical studies, relate the practice of 
mindfulness meditation to decreases in rumination (Anderson et al., 2007; Brown et al., 2007; 
Chambers et al., 2008; Kingston et al., 2007; Van Aalderen et al., 2011).
The more positive mood associated with the practice o f mindfulness meditation gives 
rise to the idea that mindfulness meditation is associated with a preference in directing 
attention to positive stimuli, which is in contrast with the well-known and acknowledged fact 
that a more negative mood is associated with a bias towards the processing o f negative 
stimuli (think for example o f depressed patients) (Bar-Haim et al., 2007; Erickson et al.,
2005). The results from the study described in chapter 6 seem to confirm this hypothesis by 
showing a larger increase in false alarm rate between responding to negative (fearful) facial 
expressions and responding to positive (happy) facial expressions in mindfulness meditators. 
Besides being associated with a bias towards positive stimuli has a positive mood been
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associated with reduced stress levels (Tugade & Fredrickson, 2004). On the basis o f this 
relation it can be expected that the practice o f mindfulness meditation is associated with a 
reduced stress level and research findings o f several studies confirm this (Branstrom, Duncan, 
& Moskowitz, 2011; Chiesa & Serretti, 2009; Kerrigan et al., 2011). Also the results o f the 
study described in chapter 7, in which mindfulness meditation was associated with smaller 
intersensory facilitation effects (reflecting reduced reactivity), seem to provide indirect 
evidence for this relationship, even at a very low, basal level o f neural processing.
In a recent review it was postulated that an increase in the tendency to ruminate can 
be explained by a decreased ability to flexibly orient attention (Koster et al., 2010). 
Therefore, it is interesting to see that an increasing number o f studies associate the long-term 
practice o f mindfulness meditation with enhanced flexibility in the orienting o f attention 
(Hodgins & Adair, 2010; Van den Hurk et al., 2010a; Van den Hurk et al., 2011a; Van den 
Hurk et al., 2011c). Finally, a reduction in the tendency to ruminate can be assumed to be 
associated with a literal decrease in the amount o f ‘noise’ that is present during perceiving 
and responding to stimuli in our environment. In this case the term noise refers to the 
processing o f irrelevant, distracting information during the perception, interpretation and 
response to a stimulus. This idea seems to be reflected in the results o f several studies. For 
example, there is a considerable number o f studies associating the practice o f mindfulness 
meditation with an improved ability not to be distracted by irrelevant information (Chan & 
Woollacott, 2007; Moore & Malinowski, 2009; Ortner et al., 2007; Van den Hurk et al., 
2010a). In addition, our finding that mindfulness meditators make less errors for equally fast 
responses seems to point to a reduced amount o f noise in the processing stream of a stimulus.
Discussion and conclusion
Before coming to an end, it is important to obtain insight in the meaning o f the results 
described in this thesis. First o f all, it is crucial to realize that most o f the studies were cross­
sectional by nature. Clearly, more longitudinal research is needed to investigate causality. In 
addition, it is important to realize that a specific group o f people was tested in our 
experiments. Namely, people with a clear interest in the practice o f mindfulness meditation 
have participated, which makes it difficult to generalize the research findings. Nevertheless, 
the research findings do apply to people interested in the practice o f mindfulness meditation. 
Furthermore, it is insightful to realize that the research findings relate to the effects o f the 
practice o f mindfulness meditation and so do not necessarily tell us much about the
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phenomenological, psychological and neurological characteristics o f the state o f being 
mindful. In other words, the ‘mechanism’ via which mindfulness meditation exerts its effects 
has not been specifically probed in our research. In particular, systematic research on the 
neurological characteristics o f a mindful state seems lacking and for this reason have we 
started an EEG project with the aim to classify and distinguish a mindful state from two 
control states (cognitive control state during which participants have to count and control 
state during which the intention to obtain mindful a mindful state o f mind is absent) on the 
basis o f neural activity.
In conclusion, the research findings described in this thesis associate the practice of 
mindfulness meditation with changes in cognitive, affective, (neuro)physiological and 
psychometric parameters. For future research it will be very interesting to elucidate which of 
these changes and especially how these changes contribute to the beneficial outcomes o f the 
practice o f mindfulness meditation for non-clinical as well as clinical people.
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Samenvatting en conclusie
De studies beschreven in dit proefschrift zijn het resultaat van mijn promotie onderzoek naar 
de effecten van mindfulness meditatie. Dit onderzoek is uitgevoerd met als doel inzicht te 
krijgen in de vraag op welke aspecten van de mens en het menselijk functioneren de 
beoefening van mindfulness meditatie ingrijpt. Pas in het laatste decennium is er grote 
vooruitgang geboekt in dit welhaast onontgonnen onderzoeksterrein. Een ontwikkeling die 
cruciaal is geweest voor de stimulering van onderzoek naar de effecten van mindfulness 
meditatie is de introductie van op mindfulness meditatie gebaseerde interventies. Het was Jon 
Kabat-Zinn die eind jaren zeventig begon met de toepassing van het Mindfulness Based 
Stress Reduction programma voor de vermindering van stress en pijnklachten. Het 
Mindfulness Based Stress Reduction programma is ontstaan door de beoefening van 
mindfulness meditatie te destilleren uit zijn Boeddhistische context, waardoor een beoefening 
van mindfulness meditatie mogelijk werd gemaakt die ontdaan was van religieuze en 
metafysische uitgangspunten. Sinds die tijd heeft de toepassing van mindfulness meditatie 
een enorme vlucht genomen en inmiddels zijn er positieve effecten van mindfulness meditatie 
gevonden op een breed scala aan psychologische en psychosomatische aandoeningen. 
Ondersteunend wetenschappelijk onderzoek naar de precieze effecten van mindfulness 
meditatie en de werkingsmechanismen die ten grondslag liggen aan de klinische effecten is 
echter grotendeels achterwege gebleven. Middels dit promotie onderzoek is een poging 
gedaan om meer inzicht in deze effecten en werkingsmechanismen te krijgen. Daarvoor is er 
gekeken naar de relatie tussen mindfulness meditatie en cognitie, affect en persoonlijkheid op 
gedrags-, neurofysiologisch- en psychometrisch niveau.
Mindfulness meditatie en veranderingen in aandacht
In het tweede hoofdstuk wordt beschreven dat een gezonde groep proefpersonen met een 
aanzienlijke hoeveelheid meditatie ervaring andere uitkomsten laat zien op een aandachtstaak 
- attentie netwerken test; ANT - vergeleken met een groep gezonde proefpersonen van gelijke 
leeftijd, geslacht en ras zonder enige meditatie ervaring. Een van de aspecten van aandacht 
waarop de groepen verschilden van elkaar was de flexibiliteit in het richten van aandacht. De 
mate van flexibiliteit in het oriënteren van aandacht werd in deze taak gemeten door te kijken 
naar het verschil in reactietijd danwel accuratesse tussen de conditie waarin de proefpersoon 
vroegtijdig werd geïnformeerd over de locatie waarnaar de aandacht gericht moest worden en
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de conditie waarin de proefpersoon pas op het allerlaatste moment de aandacht kon 
verschuiven. Wanneer de proefpersoon vroegtijdig werd geïnformeerd was er ruimschoots de 
tijd de aandacht te verleggen naar de kritieke plaats waar vervolgens naar een stimulus 
gekeken moest worden, terwijl dit in het andere geval pas mogelijk was wanneer deze 
stimulus werd getoond. Het verschil in reactietijd en accuratesse tussen deze twee condities 
kan dus gezien worden als een maat voor de flexibiliteit in het richten van aandacht: hoe 
groter het verschil des te meer moeite de proefpersoon heeft in het verschuiven van aandacht. 
Dit verschil bleek kleiner te zijn voor de groep met meditatie ervaring, hetgeen suggereert dat 
deze groep flexibeler is in het richten, oriënteren van aandacht. Een tweede aspect van 
aandacht waarop de groepen bleken te verschillen was het zogeheten executieve 
aandachtsaspect. Dit aspect staat voor het vermogen om de aandacht te richten op relevante 
informatie in de omgeving en niet afgeleid te worden door irrelevante, afleidende informatie. 
In de ANT wordt dit vermogen getest door te kijken naar het verschil in reactietijd danwel 
accuratesse in de conditie waarin een geheel congruente stimulus - waarvan alle elementen 
dezelfde en juiste symboliek dragen - wordt getoond ten opzichte van de conditie waarin een 
incongruente stimulus - waarvan de meerderheid van de elementen afleidende, onjuiste 
informatie coderen -  wordt getoond. In dit geval betekent dit dat naarmate het verschil groter 
is, de proefpersoon des te meer moeite heeft met het focussen op relevante informatie en 
onderdrukken van irrelevante, afleidende informatie. De groep met meditatie ervaring bleek 
ook op dit aspect een kleiner verschil te laten zien, hetgeen suggereert dat deze groep een 
verbeterd functioneren van het executieve aspect van aandacht heeft. Een derde verschil dat 
beschreven wordt heeft niet met een specifiek aspect van aandacht te maken, maar kan beter 
gezien worden als een weerspiegeling van de algehele efficiëntie van het verwerkingsproces 
van de stimulus. De groep met meditatie ervaring bleek namelijk, ongeacht de specifieke 
duur van de reactietijd, minder fouten te maken dan de controle groep voor responsies met 
gelijke reactietijden. Dit lijkt een zeer interessante bevinding te zijn, omdat het suggereert dat 
er minder ‘ruis’ in het verwerkingsproces van de stimulus aanwezig is bij de groep met 
meditatie ervaring.
Het is belangrijk te beseffen dat bovengenoemde resultaten verkregen zijn middels 
zogeheten cross-sectioneel onderzoek. Dit houdt in dat twee groepen op een (willekeurig) 
tijdstip met elkaar vergeleken worden. Waarom is het nu belangrijk dit te beseffen? In het 
geval van cross-sectioneel onderzoek is er de mogelijkheid aanwezig dat andere verschillen 
tussen de groepen dan het verschil waar de interesse naar uit gaat, in dit geval het hebben van 
meditatie ervaring, de verschillen verklaren. Zo zouden in bovengenoemd onderzoek de
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gevonden verschillen op aandacht kunnen verwijzen naar een specifieke eigenschap van 
mensen welke ertoe leidt dat deze mensen gaan mediteren. Met andere woorden, de 
mogelijkheid dat juist mensen met specifieke verbeteringen in aandacht gaan mediteren kan 
niet uitgesloten worden en dus kan niet geconcludeerd worden dat de verschillen in aandacht 
veroorzaakt zijn door het hebben van meditatie ervaring.
Om deze reden is het onderzoek uitgevoerd dat in hoofdstuk 3 wordt beschreven. Dit 
betreft longitudinaal onderzoek wat betekent dat er meerdere metingen in de tijd worden 
verricht. Zo werd een groep proefpersonen met meditatie ervaring getest op de ANT direct 
voor en direct na een retraite (periode van intensieve meditatie op een stille locatie) en 
werden hun resultaten vergeleken met een controle groep welke ook twee keer getest werd op 
de ANT. Omdat we geïnteresseerd waren in de verschillen tussen proefpersonen met veel en 
proefpersonen met weinig meditatie ervaring, werd de groep meditatoren in tweeën gesplitst 
op basis van de hoeveelheid meditatie ervaring. Een meer flexibel oriënteren van aandacht 
werd gevonden in de groep met veel maar niet in de groep met weinig meditatie ervaring. 
Deze toename in flexibiliteit was met name zichtbaar na de retraite, hetgeen een causaal 
verband suggereert tussen de beoefening van meditatie en het flexibeler richten van aandacht. 
Een verbetering in het executieve aspect van aandacht werd in deze studie niet gevonden, wat 
wellicht als reden heeft dat het een specifieke groep mensen betreft welke deelneemt aan een 
retraite. Wederom werd een toename in de efficiëntie van het verwerkingsproces van de 
stimulus waargenomen, maar alleen in de groep met veel meditatie ervaring voor aanvang 
van de retraite. Het gegeven dat alleen in de groep met veel ervaring verbeteringen in 
aandacht gevonden werden, lijkt de rol van de hoeveelheid meditatie ervaring te 
benadrukken. Het is echter belangrijk op te merken dat door middel van deze studie nog 
steeds niet geconcludeerd mag worden dat er een causaal verband bestaat tussen de 
beoefening van meditatie en verbeteringen in aandacht. Voor een dergelijke conclusie is het 
nodig een studie op te zetten waarin mensen zonder meditatie ervaring willekeurig ingedeeld 
worden in een groep die - voor lange tijd - gaat mediteren en een groep die niet gaat 
mediteren.
Tot zover is de relatie tussen de beoefening van mindfulness meditatie en 
veranderingen in aandacht alleen beschreven door te kijken naar de prestatie van 
proefpersonen op een aandachtstaak als de ANT, waardoor de analyses beperkt zijn gebleven 
tot gedragsmaten. Het is natuurlijk zeer interessant om te kijken welke veranderingen in 
hersenactiviteit ten grondslag liggen aan deze aandachtseffecten. Het onderzoek dat in 
hoofdstuk 4 wordt beschreven had als specifiek doel om naar de neurale mechanismen te
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kijken welke verantwoordelijk zijn voor het meer flexibel richten van aandacht. Aangezien 
modulatie van alfa activiteit (activiteit in het brein met een specifiek ritme, 8-14Hz, dat 
gerelateerd is aan inactivatie o f blokkade van het specifieke hersengebied waarin het gezien 
wordt) in occipitale en pariëtale hersengebieden (hersengebieden die respectievelijk aan de 
achter- en bovenkant in het hoofd liggen) in de laatste jaren geassocieerd is met het richten 
van aandacht, lag hier de focus op. Maar ook is gekeken o f een verbeterd oriënteren van 
aandacht effect had op het verwerken van een stimulus. Het was interessant om te zien dat 
meditatoren een sterkere afname in alfa activiteit toonden na het zien van een cue die enkel 
en alleen informatie gaf dat de stimulus aangeboden zou gaan worden (dus een vorm van 
tijdsinformatie gaf) alsook na het zien van een cue welke zowel tijd- als plaatsinformatie gaf. 
In het laatste geval, waarin de cue zowel tijd- als plaatsinformatie gaf, lieten meditatoren 
bovendien een sterkere plaatsafhankelijke modulatie van alfa activiteit zien, wat uitgedrukt 
werd in een lateralizatie index van alfa (alfa activiteit in rechter hersenhelft versus alfa 
activiteit in linker hersenhelft). Deze resultaten suggereren dat het neurale mechanisme dat 
geassocieerd wordt met het richten van aandacht versterkt/verbeterd is bij meditatoren. Naar 
aanleiding van deze bevindingen was de verwachting dat ook de verwerking van de stimulus 
verbeterd zou zijn in de groep van meditatoren. Dit zou tot uitdrukking komen door een 
versterkt hersensignaal naar aanleiding van het zien van de stimulus. Dit versterkte signaal 
werd inderdaad waargenomen en wel voor de beide cues. Bovendien werd een versterkte 
plaatsafhankelijke modulatie van dit hersensignaal waargenomen in de groep meditatoren. Zo 
bleken dus zowel het richten van de aandacht als de daaropvolgende verwerking van de 
stimulus (op eenzelfde, consistente wijze) verbeterd te zijn in meditatoren.
Het tot dusverre besproken onderzoek laat dus zien dat de beoefening van 
mindfulness meditatie geassocieerd is met verbeteringen op verschillende aspecten van 
aandacht. Dit was een van de redenen om te onderzoeken o f verbeteringen in aandacht ook 
optreden door het participeren aan op mindfulness meditatie gebaseerde therapieën. In de 
laatste drie decennia is er namelijk een grote toename geweest in de toepassing van deze 
therapieën, waarvan de Mindfulness Based Stress Reduction program (MBSR) en 
Mindfulness Based Cognitive Therapy (MBCT) bekende voorbeelden zijn. De 
laatstgenoemde therapie is speciaal ontwikkeld voor mensen met terugkerende depressies en 
de onderzoeksresultaten wat betreft de effectiviteit van deze therapie zijn veelbelovend 
geweest door bijvoorbeeld het laten zien van een halvering van de terugvalkans op een 
nieuwe depressie in het eerste jaar volgend op de therapie. Het besef dat aandacht een 
centrale rol speelt in de pathologie van depressie is een andere voorname reden geweest om
186
te kijken o f verbeteringen in aandacht optreden door de therapie en o f deze kunnen bijdragen 
aan een verklaring voor de veelbelovende onderzoeksresultaten. In de gerandomiseerde 
klinische trial beschreven in hoofdstuk 5 werden echter geen verbeteringen in aandacht 
gevonden, maar werden er wel een afname gezien in depressieve klachten en de mate van 
rumineren en een toename in mindful zijn. Deze combinatie van bevindingen leidde ertoe te 
veronderstellen dat een andere component dan aandacht een mediërende rol speelt in de 
effectiviteit van de relatief kort durende mindfulness training MBCT.
Mindfulness meditatie en veranderingen in affect
Een andere component dan aandacht die van belang zou kunnen zijn voor de effectiviteit van 
MBCT en beïnvloed wordt door mindfulness meditatie is affect. In hoofdstuk 6 wordt een 
studie beschreven waarin is gekeken naar verschillen tussen proefpersonen met en 
proefpersonen zonder mindfulness meditatie ervaring wat betreft de verwerking van 
emotionele gezichten. In deze studie moesten de proefpersonen zo snel mogelijk een knop 
indrukken bij het zien van een gezicht dat tot een bepaalde emotionele categorie behoorde en 
niet drukken bij het zien van een gezicht behorende tot een andere categorie. Dit resulteerde 
in een gemiddelde reactietijd op gezichten waarop gereageerd moest worden en een 
percentage aan fouten voor gezichten waarop niet gereageerd mocht worden. Een interessant 
resultaat was dat de groep met meditatie ervaring een kleinere toename in de reactietijd op 
negatieve (angstige) gezichten ten opzichte van de reactietijd op neutrale gezichten liet zien 
dan de controle groep. Er zijn verschillende theorieën om de toename in reactietijd op 
negatieve gezichten te verklaren en één daarvan stelt dat negatieve stimuli de potentie hebben 
om tot rumineren aan te zetten (uitgebreide, repetitieve analyse) waardoor de reactietijd 
toeneemt. Deze theorie verschaft dan ook een goede verklaring voor het feit dat depressieve 
patiënten een extra toename in de reactietijd op negatieve stimuli laten zien. Vanuit deze 
theorie bezien suggereert de afname in de extra reactietijd op negatieve gezichten in de groep 
met meditatie ervaring dat deze groep minder beïnvloed wordt door de ruminerende potentie 
van de negatieve stimulus. Een tweede bevinding was dat de meditatie groep extra veel 
fouten maakte bij het zien van positieve (blije) gezichten ten opzichte van het zien van 
negatieve gezichten. Deze bevinding suggereert een meer positieve gemoedstoestand bij de 
meditatoren aangezien naar een positieve gemoedstoestand wordt verwezen om de toename 
in fouten bij het zien van positieve stimuli te verklaren in een gezonde populatie. Deze
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resultaten suggereren dat mindfulness meditatie invloed heeft op de verwerking van 
emotionele stimuli, wellicht middels de inductie van een meer positieve gemoedstoestand.
In hoofdstuk 7 wordt een studie beschreven waarin is gekeken naar verschillen tussen 
een meditatie en controle groep wat betreft reactiviteit in low-level, bottom-up processen. 
Bottom-up processen zijn processen betrokken bij de allereerste, veelal nog onbewuste 
verwerking van stimuli. Een voorbeeld van een bottom-up proces is inter-sensorische 
facilitatie, waarmee wordt bedoeld dat de reactietijd op een stimulus in de ene modaliteit 
(bijvoorbeeld visueel) verkort wordt wanneer een andere stimulus nagenoeg gelijktijdig 
wordt aangeboden in een andere modaliteit (bijvoorbeeld auditief). Om inter-sensorische 
facilitatie te onderzoeken hebben we de vergelijking gemaakt tussen de conditie met een 
visuele stimulus en een begeleidende auditieve stimulus van normaal geluidsniveau en de 
conditie met een visuele stimulus begeleid door een auditieve stimulus van hoge intensiteit 
(net onder de pijngrens). Het verschil tussen deze twee condities geeft de mate van inter­
sensorische facilitatie weer. De mate van inter-sensorische facilitatie bleek kleiner te zijn in 
de meditatie groep wat suggereert dat hun gedrag minder beïnvloed wordt door meer 
onbewuste, bottom-up processen. Nu is wel bekend dat meer bewuste, top-down processen 
invloed kunnen uitoefenen op een bottom-up proces als inter-sensorische facilitatie. Zo kan 
bijvoorbeeld het verleggen van aandacht van de ene naar de andere modaliteit resulteren in 
verminderde inter-sensorische facilitatie. Om ook verschillen in deze top-down beïnvloeding 
(in dit geval verschillen in aandachtsprocessen) op inter-sensorische facilitatie te onderzoeken 
is de conditie met een visuele waarschuwingsstimulus vergeleken met de conditie zonder 
visuele waarschuwingsstimulus. Terwijl in de conditie zonder een visuele 
waarschuwingsstimulus de aandacht veelal gespreid kan blijven over verschillende 
modaliteiten, zo wordt de aandacht naar de visuele modaliteit getrokken in de conditie met 
een visuele waarschuwingsstimulus, hetgeen resulteert in een afname van de inter­
sensorische facilitatie door de auditieve stimulus. De resultaten van de studie lieten zien dat 
deze afname in inter-sensorische facilitatie kleiner was in de meditatie groep wat suggereert 
dat de meditatoren beter in staat waren om hun aandacht gespreid te houden over meerdere 
modaliteiten. Samenvattend suggereren de resultaten van deze studie dus dat het gedrag van 
de meditatoren minder beïnvloed wordt door meer onbewuste bottom-up processen en dat 
hun aandacht beter gespreid blijft over verschillende modaliteiten.
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Mindfulness meditatie, persoonlijkheid en mindfulness vaardigheden 
Een interessante vraag betreffende de effecten van mindfulness meditatie is natuurlijk ook of 
mindfulness meditatie geassocieerd is met veranderingen in persoonlijkheid en hoe deze 
veranderingen tot stand komen. In de vragenlijsten studie beschreven in hoofdstuk 8 blijken 
mindfulness meditatoren hoger te scoren op de persoonlijkheidsfactor Openheid-naar- 
nieuwe-ervaringen en lager op consciëntieusheid. Ook bleek er een positief verband te 
bestaan tussen het aantal maanden aan mindfulness meditatie beoefening en openheid en 
extraversie en een negatief verband tussen meditatie ervaring en neuroticisme. Deze 
resultaten laten zien dat mindfulness meditatie geassocieerd is met een toename in de 
openheid naar nieuwe ervaringen en extraversie (wat staat voor het ervaren van positieve 
emoties) en een afname in neuroticisme (wat staat voor zorgen maken en het ervaren van 
negatieve emoties). De cultivatie van specifieke mindfulness vaardigheden bleek cruciaal 
voor de relatie tussen de beoefening van mindfulness meditatie en (verschillen in) 
persoonlijkheid. Een van de vaardigheden die bijvoorbeeld essentieel bleek voor het effect op 
neuroticisme was het Accepteren-zonder-oordeel. Dit resultaat is geheel in lijn met het idee 
dat is ontstaan door resultaten uit klinische studies waarin bijvoorbeeld afnamen in 
depressiviteit en angststoornissen worden gezien en verklaard worden door een toename in 
het Accepteren-zonder-oordeel. De beoefening van mindfulness meditatie en het daardoor 
cultiveren van mindfulness vaardigheden lijkt dus een positieve invloed op de 
persoonlijkheidsstructuur te hebben. Het is nu echter wel weer belangrijk te beseffen dat het 
een cross-sectioneel onderzoek betrof, waardoor de noodzaak blijft bestaan om longitudinaal 
onderzoek te verrichten dat sluitend bewijs kan leveren voor het causale verband tussen de 
beoefening van mindfulness meditatie, het cultiveren van mindfulness vaardigheden en 
(positieve) veranderingen in persoonlijkheid.
In hoofdstuk 9 wordt een studie met behulp van vragenlijsten beschreven waarin is 
onderzocht o f mindfulness het beste gezien kan worden als een set van aangeboren 
vaardigheden o f dat mindfulness bestaat uit een aantal vaardigheden welke te oefenen zijn. 
Om deze vraag te beantwoorden werd gekeken naar verschillen in mindfulness vaardigheden 
tussen een groep met mindfulness meditatie ervaring en een controle groep zonder 
mindfulness meditatie ervaring, naar de relatie tussen de hoeveelheid mindfulness meditatie 
beoefening en mindfulness vaardigheden en naar de toename in mindfulness vaardigheden 
door deelname aan een mindfulness meditatie retraite. De groep met mindfulness meditatie 
ervaring bleek hoger te scoren op de vaardigheden Beschrijven en Observeren. De duur
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(jaren) en intensiteit (minuten per sessie) van de beoefening van mindfulness meditatie bleek 
positief gerelateerd aan de vaardigheden Observeren, Handelen-met-aandacht en Accepteren- 
zonder-oordeel. Het is verrassend te noemen dat er geen toenamen werden waargenomen in 
mindfulness vaardigheden na afloop van een mindfulness meditatie retraite, wat wellicht als 
oorzaak heeft dat de interpretatie van items (afzonderlijke vragen in een vragenlijst) 
beïnvloed wordt door deelname aan de retraite. Deze resultaten suggereren dus dat 
mindfulness beter gezien kan worden als een stel vaardigheden welke trainbaar zijn. Wel is 
het weer belangrijk te refereren aan het feit dat longitudinaal onderzoek, bij voorkeur met 
personen zonder enige mindfulness meditatie ervaring, vereist is om deze voorzichtige, 
voorlopige conclusie te bevestigen.
Synthese
Naar aanleiding en aan de hand van bovengenoemde resultaten en resultaten beschreven in 
gerelateerde, wetenschappelijke literatuur zou ik, voorzichtig, een voorlopig (consistent) 
beeld willen schetsen van de relatie tussen mindfulness meditatie en veranderingen in 
cognitie, affect en persoonlijkheid (zie figuur 1). Centraal in dit beeld staan de begrippen 
rumineren en positieve emoties. Enerzijds is er steeds meer bewijs gekomen voor het idee dat 
de beoefening van mindfulness meditatie gerelateerd is aan een meer positieve 
gemoedstoestand en een toename in het ervaren van positieve emoties (Davidson et al., 2003; 
Jain et al., 2007; Schroevers & Brandsma, 2010; Van den Hurk et al., 2011d). Dit is 
bijvoorbeeld gebleken uit een gemoedstoestandverbetering na een korte mindfulness training 
(Schroevers & Brandsma, 2010) en een positieve relatie tussen de hoeveelheid mindfulness 
meditatie ervaring en het ervaren van positieve emoties (Van den Hurk et al., 2011d). 
Anderzijds suggereren steeds meer resultaten dat de neiging tot rumineren afneemt door de 
beoefening van mindfulness meditatie. Met name klinische studies hebben inmiddels een 
verminderd rumineren gerelateerd aan de beoefening van mindfulness meditatie (Anderson et 
al., 2007; Brown et al., 2007; Chambers et al., 2008; Kingston et al., 2007; Van Aalderen et 
al., 2011). Naar aanleiding van de meer positieve gemoedstoestand mag verondersteld 
worden dat mindfulness meditatie is geassocieerd met een voorkeur voor het richten van de 
aandacht naar positieve stimuli, dit in tegenstelling tot het welbekende fenomeen dat een 
negatieve gemoedstoestand gekoppeld is aan een voorkeur voor het verwerken van negatieve 
stimuli (denk bijvoorbeeld aan depressieve patiënten). De resultaten uit de studie beschreven 
in hoofdstuk 6 lijken deze veronderstelling te bevestigen, aangezien de meditatoren meer
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Figuur 1. Schematisch overzicht van de relaties tussen concepten welke geassocieerd worden 
met de beoefening van mindfulness meditatie.
foutieve responsies gaven na het zien van positieve (blije) gezichten dan na het zien van 
negatieve gezichten (angstig). Naast een voorkeur voor positieve stimuli is het hebben van 
een meer positieve gemoedstoestand ook gekoppeld aan een verlaagd stress niveau. Op basis 
van deze relatie valt te verwachten dat een verminderd stress niveau gevonden wordt door de 
beoefening voor mindfulness meditatie en resultaten van verschillende studies lijken dit 
inderdaad te bevestigen (Branstrom, Duncan, & Moskowitz, 2011; Chiesa & Serretti, 2009; 
Kerrigan et al., 2011). Ook de resultaten verkregen middels de studie beschreven in 
hoofdstuk 7, waarin mindfulness meditatie gerelateerd werd aan verminderde inter­
sensorische facilitatie (verminderde reactiviteit), lijken hier een indirect bewijs voor te 
leveren. In een recente wetenschappelijke publicatie is gepostuleerd dat een toename in de 
neiging tot rumineren als oorzaak een verminderde capaciteit van het flexibel richten van 
aandacht heeft. Het is dan ook interessant om te zien dat meerdere studies juist een 
toegenomen flexibiliteit in het richten van aandacht laten zien (Hodgins & Adair, 2010; Van 
den Hurk et al., 2010a; Van den Hurk et al., 2011a; Van den Hurk et al., 2011c) in personen 
met (veel) mindfulness meditatie ervaring. Tot slot kan verwacht worden dat een afname in 
de neiging tot rumineren letterlijk een afname in de hoeveelheid ‘ruis’ in ons functioneren als 
gevolg heeft. Met ruis wordt hier afleidende informatieverwerking bedoeld, zowel tijdens het 
zien van een stimulus, alsook tijdens de verwerking ervan en een eventuele response naar
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aanleiding van die stimulus. Dit idee lijkt weerspiegeld te worden in de uitkomsten van 
verscheidene studies. Zo zijn er al een aanzienlijk aantal studies beschreven waarin 
mindfulness meditatie gekoppeld wordt aan het beter kunnen wegfilteren van irrelevante, 
afleidende informatie (Chan & Woollacott, 2007; Moore & Malinowski, 2009; Ortner et al., 
2007; Van den Hurk et al., 2010a). Maar ook de bevinding dat personen met mindfulness 
meditatie ervaring minder fouten maken bij even snelle responsies lijkt sterk te wijzen op een 
verminderde hoeveelheid ruis in het verwerkingsproces van een stimulus.
Discussie en conclusie
Afsluitend is het belangrijk inzicht te krijgen in de betekenis van de resultaten welke 
beschreven worden in dit proefschrift. Allereerst blijft het belangrijk te beseffen dat een 
aanzienlijk deel van de studies cross-sectioneel was; longitudinaal onderzoek blijft daarom 
een vereiste om de causaliteit te onderzoeken en wellicht te bevestigen. Verder is het 
belangrijk te wijzen op het feit dat een specifieke groep mensen is bestudeerd in dit 
proefschrift. Veelal mensen met een uitgesproken interesse in meditatie zijn namelijk getest, 
wat ervoor zorgt dat de bevindingen moeilijk generaliseerbaar zijn. Dit neemt overigens 
natuurlijk niet weg dat de resultaten wel gewoon gelden voor mensen die geïnteresseerd zijn 
in mindfulness meditatie. Het is ook belangrijk te beseffen dat deze resultaten een 
weerspiegeling zijn van de effecten van de beoefening van mindfulness meditatie en dus niet 
noodzakelijkerwijs ook inzicht geven in de specifieke fenomenologische, psychologische en 
neurologische karakteristieken van de toestand van mindful zijn. Met name een systematische 
bestudering van de neurologische karakteristieken van de toestand van mindful zijn ontbreekt 
in de literatuur en daarom zijn we inmiddels een EEG experiment gestart met als doel de staat 
van mindful zijn te onderscheiden van twee controle staten (cognitieve staat waarin geteld 
moet worden en een ‘normale’ staat waarin de intentie tot het verkrijgen van een meditatieve 
staat ontbreekt) op basis van neuronale classificatie.
De beschreven resultaten associëren de beoefening van mindfulness meditatie met 
veranderingen in cognitieve, affectieve, fysiologische en psychometrische parameters. Voor 
toekomstig onderzoek is het interessant uit te zoeken welke van deze veranderingen en met 
name hoe deze veranderingen een rol spelen bij de positieve effecten van de beoefening van 
mindfulness meditatie voor zowel gezonde proefpersonen als personen met een 
psychologische o f somatische aandoening.
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